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INDICES OF EXTERNAL POWER OUTPUT IN MEN AND WOMEN 
by 
Edward Mitchell Winter 
The purpose of this thesis was to compare maximal exercise 
performance in young (21 22 y) men and women. Lean leg 
volume (LLV), lean upper leg volume (LULV) and lean thigh area 
(LTA) were assessed in a group of 20 men and 35 women. The 
subjects performed a maximal exercise test (OP) on a friction 
braked cycle ergometer and external peak power output (OPP) and 
the rpm corresponding to OPP (ORPM) were calculated. One of 
the loads used in OP (WL) was in the ratio 0,075:1 with body 
wei.ght. Peak power output using WL (WPP) was compared with 
OPP. OPP in men, 1013 ± 131 W, and women, 655 ± 103 W was 
higher then WPP, 883 ± 88 Wand 587 ± 90 W respectively (p < 
0·001). OPP and WPP were related in men, r = 0·897 and women, 
r = 0·905 (p < 0'001). 18 of the men and 28 of the women also 
performed the Wingate Anaerobic Test (WAnT) and mean, power 
output during this procedure (WMP) was compared with OPP. OPP 
in men, 1015 ± 138 W, and women, 648 ± 109 W, was higher than 
WMP, 696 ± 55 Wand 448 ± 63 W respectively (p < 0'001). OPP 
and WMP were related in men, r = 0·872 and women, r = 0·902 (p 
< 0·001). OPP was linearly related to LLV r = 0·473 (p < 0·05) 
and LTA r = 0·633 (p < 0·01) in men and to LLV r = 0·536 (p < 
0·01), LULV r = 0·412 (p < 0'05) and LTA r = 0·534 (p < 0·01) 
in women. WMP was linearly related to LLV r = O' 602 (p < 
0·01), LULV r = 0·495 (p < 0'05) and LTA r = 0·768 (p < 0·001) 
in men and LLV r = 0·602 (p < 0'001), LULV r = 0·505 (p < 0·01) 
and LTA r = 0·594 (p < 0·001) in women. The regression lines 
for men and women for the relationship between the performance 
measures and each of the anthropometric indices were compared 
by analysis of covariance. There was no significant difference 
in the variance about regression or the regression coefficients 
(p > 0'05) but the elevations of the lines were different (p < 
0·001) . Blood lactate levels seven and a half minutes after 
WAnT were determined in 9 men and 11 women. There was no 
significant difference between the values 12·0 ± 1·6 mmol·l- 1 
and 11·0 ± 2·4 mmol'l- l respectively (p > 0'05). ORPM, 
electromechanical delay (EMD) and time to charge the elastic 
component (CT) in m. soleus were assessed in 10 men and 7 
women. EMD in men, 38·8 ± 3'6 ms, did not differ significantly 
from women, 45·5 ± 8·3 ms (p > 0'05) whereas CT and ORPM did; 
28·5 ± 3·7 ms v 35·1 ± 5·6 ms (p < 0'05) and 120·9 ± 6·4 v 
108·9 ± 5'7 (p < 0·01) respectively. ORPM was related to eT in 
men, r = -0,722 and women, r = -0,757 (p < 0'05) respectively. 
The results suggest: 1) OP is sui table for the evaluation of 
OPP, 2) OP and WAnT can distinguish between different types of 
maximal exercise, 3) A reaffirmation of the use of regression 
standards in preference to ratio standards, 4) OP and WAnT can 
detect ,distinct differences between the sexes in the ability to 
perform maximal exercise which are independent of body size, 5) 
Maximal exercise performance is influenced by muscle elasticity 
and, 6) Dividing groups on the basis of gender to teach 
activities which involve maximal intensity exercise is 
justifiable. 
, 
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CHAPTER 1 
INTRODUCTION - THE PROBLEM 
Interest in 
adaptations to 
the body's 
exercise has 
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physiological responses 
a long history. The 
and 
first 
recorded reports date back to the fourth and fifth centuries 
BC (Sarton 1944) but more detailed accounts were included in 
the Hippocratic collections on medicine and its philosophy 
which were put together before the end of the third century 
BC (Needham 1971). Over the last two millenia, our 
understanding of the mechanisms which underpin exercise has 
improved. The most rapid progress has occurred in the last 
seventy years, but our knowledge is still far from complete. 
More people are taking part in regular exercise than was the 
case thirty years ago and performance records in athletics 
and swimming for example, have shown marked improvements 
(Dyer 1982). During this time there has been a more 
pronounced increase in the performance standards of women 
than those for men (Dyer 1982). Reasons for these changes 
are not clear because unequivocal data are difficult to 
compile but included among them are motives intended to 
promote and sustain health and also to enhance performance 
(Griffin 1987). 
These developments have important implications for teaching 
because in the context of physical education, strategies 
that are used have to be examined and re-evaluated. 
Traditionally, there has been a tendency to vary the 
programmes presented to individuals on the basis of sex 
differences but this gives rise to a fundamental question. 
To what extent are such divisions valid? There may well be 
sound reasons from both physiological and mechanical 
perspectives why it would be inappropriate for the two sexes 
to compete against one another or be taught together (Lamb 
1984, Astrand and Rodahl 1986, Telford et al. 1986). 
However it is becoming increasingly clear that observed 
differences in performance owe more to cultural factors than 
they do to mechanics or physiology (Wilmore 1981, Wells and 
Plowman 1983, Drinkwater 1984). 
.---------------------~~---
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Suggestions made in the past that women were incapable of 
taking part in strenuous exercise are seen to be fallacious 
(Dyer 1982) and similar statements in connection with 
medical implications have been regarded as monstrous (Birke 
and Vines 1987). It was only as recent as 1984 that women 
were first allowed to compete in a marathon at the Olympic 
Games and, interestingly, the winner of that event would 
have secured a medal in the men's event up to 1952. It is 
increasingly apparent that the physiological responses and 
adaptations to exercise in women are at least similar and 
possibly the same as those in men. These issues have been 
recognised and are illustrated by initiatives in 
coeducational and health based physical education encouraged 
by the Physical Education Association of Great Britain. 
A further feature of late has been the sustained or possibly 
accelerated interest in maximal intensity exercise and the 
mechanisms associated with fatigue (Porter and Whelan 1981, 
Jones et a!. 1986) and also in the mechanical principles 
involved in this type of activity (Adamson and Whitney 1971, 
Knuttgen 1978). Notable in this area has been the 
introduction (Cumming 1974) and development (Bar-Or 1981) of 
an all-out cycle ergometer test which involves thirty 
seconds of maximal intensity exercise. This 
generically as the Wingate Anaerobic Test, WAnT. 
cycle ergometry is not new, WAnT has provided 
protocol which can be used to assess power 
is known 
Although 
an elegant 
output and 
scrutinise metabolism during maximal exercise in man. 
Enthusiastic debate has taken place over such matters as the 
measurement procedures (Lakomy 1986) and whether or not 
muscle force velocity relationships (Hill 1938b, Woledge et 
al. 1985) are satisfied during attempts to optimise 
performance (Evans and Quinney 1981, Sargeant et al. 1981, 
Dotan and Bar-Or 1983, Nakamura et al. 1985, Vandewalle et 
a!. 1987). 
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Cycle ergometry is a useful exercise model with which to 
compare performance in men and women. The upper body is 
supported so the contribution made by the actual exercising 
segments, the legs, can be scrutinised more sensitively. 
The protocol proposed by Nakamura et al. (1985) predicts 
optimum external peak power output using friction braked 
systems and counters the previous criticisms levelled at 
this type of ergometry (Sargeant et al. 1981). 
Consequently, the use of elaborate and expensive isokinetic 
devices (McCartney et al. 1983a) is not a necessity . 
. The anthropometric technique developed by Jones and Pearson 
(1969) can be used to partition the lower limb and so assess 
the total, muscle plus bone and fat volumes. The effect of 
these developments is exciting because comparisons between 
the muscle dynamics of men and women have become less 
ambiguous and the measuring systems have become more 
rigorous and sensitive without being prohibitively expensive 
and technically demanding. These are, of course, important 
considerations that have to be made when studies are 
planned. 
Bedford College of Higher Education provides an environment 
which is supportive and apposite for investigations into the 
mechanisms which underpin maximal intensity exercise in men 
and women. The institution has almost a century's tradition 
in women's physical education and presently, has 
coeducational undergraduate and postgraduate students who 
take courses in physical education and sports studies. 
Consequently, there is an established expertise and interest 
in the formulation of rationales which underpin teaching and 
coaching strategies. Also worthy of note is that cultural 
bias which may exist on the basis of gender (Birke and Vines 
1987) is minimised. In terms of their commitment and 
participation in exercise, the male and female students are 
homogeneous so comparisons become more meaningful. 
Consequently two main issues emerge. 
most appropriate ways to identify 
First, what 
and evaluate 
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are the 
maximal 
exercise and, second, 
underlying mechanisms, 
how does 
vary with 
such performance and the 
gender? The fundamental 
aim of this thesis is to answer these questions and consider 
the implications for the formulation of teaching strategies. 
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CHAPTER 2 
LITERATURE REVIEW AND THE DEVELOPMENT OF TERMS 
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PRINCIPLES AND PROCEDURES UNDERPINNING THE EXPERIMENTAL WORK 
This section is divided into four parts. One, mechanics and 
muscle function; two, the mechanisms which underpin maximal 
exercise; three, the assessment of maximal exercise and 
four, a comparison of the factors which affect maximal 
exercise in men and women. 
However, it would be inappropriate to leave unacknowledged 
the historical developments which have allowed this work to 
take place. Much of the credit for unravelling these 
developments is owed to Dorothy Needham and her seminal work 
Machina Carnis which was published in 1971. 
2.1 THE HISTORICAL PERSPECTIVE 
The precise documented starting point for 
investigations into muscle function is not clear but it 
occurred more than two thousand years ago (Sarton 
1944). Needham (1971) suggested that the Hippocratic 
wri tings on medicine 
realisation that the 
undifferentiated body 
and philosophy indicated a 
biblical "flesh of rams", 
substances, consisted of 
individual muscles. Even so, these writings which date 
back to the third century BC, included works from the 
previous two centuries. Aristotle (385 322 BC) 
appreciated the idea of metabolic activity in flesh but 
the first hint that muscles were responsible for 
movement is attributed by Galen (129 201 AD) to 
Herophilus of the Alexandrian school (early third 
century BC). The first distinct recognition that 
muscles were the organs of shortening is attributed, 
again by Galen, to Erasistratus the younger 
contemporary of Herophilus. 
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Erasistratus even postulated a mechanism to explain the 
shortening process which ingeniously suggested that 
air, spiritus animalis, was pumped to the muscles which 
then expanded outwards and shortened longitudinally. 
Galen refined this postulate by stating that the 
arteries carried blood containing the air which 
inflated the muscle during its active phase. The 
resilience of this shortening by expansion theory is 
remarkable because it endured for some 1,300 years. 
Paracelsus (1493 - 1541) proposed the concept of "sal 
nitric food" which, he suggested, provided the 
nutriment for muscles but it was not until another 200 
years had elapsed that this concept was developed. 
Versalius, whose 
published in 1543, 
sole function of 
De Humani Corporis Fabrioa was 
saw clearly that shortening 
muscle. Fallopius (1523 
was the 
1562) 
continued the work and is accredited with recognising 
the functional significance of the fibrous nature of 
muscle (Bastholm 1950). 
Somewhat curiously, Fabricius (1537 - 1619) reverted to 
the notion that tendons were the structures which had 
primary responsibility for shortening although one of 
his pupils, William Harvey, returned to the claim that 
the soft tissue i. e. muscle in ·i ts relaxed state, was 
the shortening tissue. In addition, Harvey 
demonstrated how blood circulated and gradually ended 
the ancient ideas about the tidal flow of nutrient 
substances and spirits in veins and arteries. 
In the 
Croone 
late seventeenth century Swammerdam 
(1664), Stensen (1664) and Goddard 
(1663) , 
(1669) 
examined the expansion/shortening hypothesis propounded 
by Galen thirteen centuries earlier. These workers 
demonstrated quite clearly that shortening was not 
accompanied by an increase in volume but in addition, 
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nor was it accompanied by a reduction. Willis (1670) 
and, in particular, Mayow (1674) searched for the 
biochemical accompaniments while Glisson (1597 - 1677) 
introduced the concept of irri tabili ty, the precursor 
of electro physiology. 
The "phlogiston" theory which suggested that this 
substance provided the energy for movement came, Stahl 
(1697) and went Lavoisier (1784). In 1789, after the 
discovery of oxygen by Priestley (1774), Seguin and 
Lavoisier showed that exercise was accompanied by an 
increase in oxygen consumption. They also went on to 
remark that if the exercise became sufficiently 
intense, an acid substance developed but the first 
precise observation of lactic acid formation in muscle 
was made by Berzelius in 1807. Interestingly, as late 
as 1874, Hermansen suggested that "inogen" was 
responsible for these chemical changes. 
Fletcher (1898) marked the beginning of quantitative 
muscle biochemistry and with Hopkins (1907) published a 
classical paper on lactic acid in amphibian muscle. 
This, in addition to the initial work of Hill (1912) 
into the mechanical aspects of muscle function and 
Meyerhoff (1920) who ended the "inogen" concept, moved 
studies into our present areas of understanding based 
securely on mechanisms of adenosine triphosphate. 
2.2 MECHANICS AND MUSCLE FUNCTION 
Performance is the manifestation of physiological 
processes but the use of mechanical terms to describe 
this performance has often led to uncomfortable 
all iances. These should have been resolved with the 
introduction of the SI system, Le Systeme International 
d'Unites, in 1973 which was translated into English in 
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the same year and adopted by the Royal Society (1975). 
However, there hav~ been instances when the incorrect 
or inappropriate application of mechanical principles 
to describe or explain physiological processes has 
occurred. What are the reasons? 
First, there is the issue about the precise function of 
muscle. Many notable texts say that the function of 
muscle is to contract (Keele et al. 1982, Brooks and 
Fahey 1984, Lamb 1984, Woledge et al. 1985, Astrand and 
Rodahl 1986). This is an imprecise description. 
A simple measuring tape is all that is needed to 
ill ustrate the point. When stimulated, the m. biceps 
flexes the forearm and as it does so, increases in 
girth, hardly a "contraction". Croone, Stensen, 
Swammerdam and Goddard demonstrated quite clearly more 
than 300 years ago that a reduction in volume did not 
occur during the active phase (Needham 1971). The term 
contraction ·is a misnomer. This recognition has been 
formalised by Knuttgen (1978). The response to 
stimulation in a heal thy muscle is usually concentric 
activity, the muscle reduces the distance between its 
extremities. It cannot be said that there is a change 
along the longitudinal axis because the pennate 
structure of some muscles does not permit the universal 
application of this statement. The term shorten can be 
used and indeed, it has a simplicity and elegance that 
is appealing. However, a caveat is required because 
actual shortening is not always the outcome. For 
instance, if a muscle attempts to move an object which 
is beyond the muscle's capability, movement will not 
occur and the response is termed isometric, a term 
which was first used in 1855 by the German physiologist 
Adolf Fick (Hill 1965). Furthermore, if one lowers a 
weight, during the active phase, the muscle or muscles 
involved increase in length. Atha (1982) proposed an 
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elaborate solution to these dilemmas which involved 
categorising muscular activity into 64 different types. 
However, Knuttgen (1978) offers a simpler solution 
which is applicable universally. 
muscle attempts to "shorten". 
successful is not the point at 
Upon stimulation, a 
Whether or not it is 
issue. This is the 
defini tion of muscle 
throughout this thesis. 
function which is proposed 
When a muscle attempts to shorten, it exerts force and 
the interpretation of this outcome gives rise to the 
potential misapplication of mechanical principles. As 
a starting point, the term "energy" can be examined. 
It is not unusual for energy to be defined as 
" - the capacity to do work - " 
(Brooks and Fahey 1984, Lamb 1984) 
and that mechanical work is done when: 
" a force moves it's point of 
application such that some resolved 
part of the displacement lies along 
the line of action of the force - " 
(Hopper 1973, Whelan and Hodgson 1978) 
Using the SI system, mechanical work is calculated and 
expressed as: 
Mechanical work done = force (N) x distance (m) 
= N m 
- J (Joules) 
so the units of mechanical work are Joules. Consider 
then, isometric activity which was mentioned earlier 
(page 21). A great force could be exerted say, by m. 
biceps to move 
hand will not 
an object 
move if 
motion, 
muscle 
it's inertia, is 
to act through 
Consequently: 
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wi th the hand. However, the 
the object's resistance to 
beyond the capability of the 
the associated lever system. 
External mechanical work done = force x distance 
= N x o m 
= 0 J 
However, the muscle probably shortened initially but 
because of their elasticity, this was accompanied by an 
increase in the length of the associated tendon and 
connective tissue. When equilibrium is achieved, no 
further change in muscle length occurs. Throughout 
these processes, no external mechanical work is done. 
This has serious implications for the definition of 
energy stated previously which implies that activity 
need not involve energy. Clearly this is not the case 
and the unsuitability of this particular definition is 
ill ustrated. Exerci se involves muscle acti vi ty which 
is either exclusively or in combination, concentric, 
isometric or eccentric. The solution therefore, is 
simple because an alternative definition is available. 
In the context of movement in man: 
" energy provides the capability to 
perform exercise -" 
(Knuttgen 1978). 
It is abundantly clear that the use of the term "work" 
as being synonymous with exercise is inappropriate and 
yet it's use in this precise context persists. This is 
not to say that the use of the term is never 
acceptable. There are occasions, which will be 
elaborated in section 2.4 pages 33 to 57, when it's use 
page 24 
is quite legitimate with the important proviso that the 
circumstances are appropriate. 
Another term which is abused frequently is "power", the 
rate of doing mechanical work. It is calculated as 
follows: 
Mean power = mechanical work done 
time taken 
= J 
s 
= J's-l or W (Watts) 
Often in the context of maximal exercise this term is 
misapplied, a point which will also be elaborated later 
in section 2.4 pages 33 to 57. 
A different perspective is possible and is provided by 
the impulse/momentum relationship which involves 
Newton's second observation on motion. This states: 
" the acceleration of a body is 
proportional to the force acting 
upon it - " 
which can be 
written as an equation: 
Force (F) a acceleration (a) 
.·.F = m a 
where m is the mass of the 
object (and hence quantifies it's inertia). 
mean acceleration a = Final velocity - initial velocity 
t 
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= v - u 
t 
F = m (v - u) 
t 
.'. Ft = m (v - u) 
where Ft = impulse 
m (v - u) = change in 
momentum 
Consequently, maximisation of the force time integral, 
i.e. impulse, will in turn lead to the greatest change 
in momentum of an object and since it's mass is likely 
to remain constant, it is the change in velocity of the 
object which will be maximised. This is independent 
of power. 
These principles are remarkably simple but their 
application to the complexities of human movement can 
be troublesome. This has particular relevance for the 
integrity of assessment procedures which will be 
evaluated in section 2.4. The American College of 
Sports Medicine has attempted to resolve the potential 
abuse of mechanical terms and adopted a formal policy 
for the description of exercise intensities which is 
clear, consistent and avoids ambiguity. 
states that exercise can be quantified as: 
This policy 
1 Isometric force sustained 
2 Where appropriate, power output 
3 Velocity of progression 
This thesis adheres strictly 
and the 
to these definitions of 
exercise 
function 
intensity 
stated on page 22 
defini tion of muscle 
which are entirely 
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consistent with the principles of mechanics and the SI 
system of measurement. 
2.3 THE MECHANISMS WHICH UNDERPIN MAXIMAL EXERCISE 
It is clear then, that when stimulated, muscle attempts 
to shorten and in the process develops a potential to 
exert force. This section is concerned with the 
mechanisms which underpin the shortening process in 
skeletal muscle when the intensity of the exercise 
being undertaken is maximal. At this point it is 
important to clarify precisely the meaning of the term 
maximal exercise. 
Traditionally, the term has been used to describe the 
exercise intensity which elicits maximum oxygen uptake, 
OOz max. However, this is not the genuine maximal or 
"all out" intensity, far from it (Williams 1987). 
Power output during this type of exercise on a cycle 
ergometer for example, is likely to be some two to four 
times greater than the output which would produce \fOz 
max (Bar-Or 1987). Attempts have been made to identify 
the discrepancy and the term "supramaximal" has been 
used to describe the intensity of all out exercise. 
The use of such a term is misleading because it 
suggests that one's maximal level can be exceeded. 
This is a contradiction of terms. 
Whole muscle consists of fasciculi which are bundles of 
muscle cells roughly triangular in shape with sides in 
the order of 2 3 mm long. In relation to other 
cells, muscle cells, or fibres as they are more usually 
known, are large and multinucleate. They vary in 
diameter from 10 - 200 pm and from 2 - 100 (or even 
more) mm in length. Each fibre consists of hundreds of 
myofibrils which, when the muscle is relaxed, are seen 
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to be cross striated at regular intervals into 
subuni ts of approximately 2 - 3 pm. 
unit is called a sarcomere. 
Each interval or 
Motor nerve fibres deliver stimuli or action 
potentials, usually at frequencies from 5 30 Hz 
(Gibson and Edwards 1986) , and inervate the muscle 
fibres. As few as 5 fibres might be inervated where 
fine control is required, e.g . in the musclature which 
. controls movements of the eyes, to as many as 1,000 or 
more in large muscles such as m. gastrocnemius which do 
not require such fine control (Lamb 1984). The fibres 
respond by twitching. Those that respond quickly and 
twi tch within 10 - 30 ms are known as Type 11 fibres 
and those that take relatively longer, possibly up to 
100 ms, are known as Type I fibres (Lamb 1984, Guy ton 
1986). 
The action potential spreads over the sarcolemma, the 
muscle fibre membrane, and is transmitted down the T 
• 
tubules. These tubules are invaginations of the 
sarcolemma, are about 0.04 pm in diameter (Woledge et 
al. 1985) and are spaced regularly corresponding to the 
myofibrils (Peachey 1965). They are part of the 
and the action sarcoplasmic 
triggers the 
reticulum 
release of calcium ions, Ca"", 
potential 
from the 
outer vesicles. The consequence of this brings about 
shortening but the precise mechanisms are not fully 
understood (Woledge et al. 1985, Fox et al. 1988). 
The two major structures involved are protein filaments 
actin and myosin. Actin, relative to myosin, is thin 
and has a length of approximately 1 pm, a diameter of 
approximately 10 nm and the periodicity of the helix is 
approximately 37 nm (Ebashi 1975). 
the actin are strands of troponin 
Myosin is larger and thicker. It is 
Interweaved within 
and tropomyosin. 
approximately 1-6 
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\lm long and 30 nm in diameter (Woledge et al. 1985). 
Radiating outwards 
extend approximately 
are projections or heads, which 
10 nm from the surface and form an 
helical array which has a periodicity of 43 nm and an 
axial interval of 14 nm (Offer 1974). 
When viewed in cross section, the myosin filaments are 
arranged in an hexagonal array and the actin filaments 
are at the trigonal points, each being equidistant from 
three thick filaments. Each square micrometre of 
myofibril contains 1,000 actin filaments and 500 myosin 
filaments. In the presence of Ca", troponin changes 
its shape and pulls tropomyosin away from the actin. 
The projections on the myosin attach to these vacant 
sites and form crossbridges. They then swivel and draw 
the actin along, sequentially detach, realign and 
reattach. This crossbridge cycling is referred to as 
the sliding filament or ratchet theory of shortening 
(Huxley 1957). More recent theories (see page 33) are 
variants of this initial one. The force developed 
depends on the number of motor units that are 
stimulated and the frequency with which they are 
recruited (Lamb 1984). 
Energy has to be provided to allow this cross bridge 
cycling to occur and is made available in the form of 
adenosine triphosphate (ATP) which was discovered 
independently by Lohmann and Fiske and Subbarow in 
1929. Endogenous intramuscular concentrations of ATP 
are approximately 5 mmol-kg- 1 muscle (wet) which 
corresponds to 25 mmol- kg- 1 muscle (dry) (Bergstr8m et 
al. 1971, Jacobs et al. 1983, Astrand and Rodahl 1986, 
Cheetham et al. 1986). ATP activates the myosin heads 
as they attach themselves to the unblocked sites on the 
actin. Once the myosin/ATP complex attachment has 
taken place, myosin acts as an enzyme, myosin 
adenosinetriphosphatase (myosin ATPase), and splits ATP 
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into ADP. The accompanying release of energy allows 
the myosin heads to swivel towards the centre of the 
sarcomere, so reducing the sarcomere's overall length 
and exerting force in the process. Type 11 fibres have 
more ATPase activity than type I fibres and the amount 
of ATPase acti vi ty provides the basis for the 
classification of fibre types (Padykula and Herman 
1955, Brooke and Kaiser 1970) Consequently, type I 
fibres are also known as high oxidative and type 11 
fibres can be subdivided into llb, low oxidative high 
glycolytic, and type IIa high oxidative low glycolytic 
fibres. IIc fibres have also been identified but their 
significance is unclear (Saltin et a1. 1977). ATP is 
also required to detach the myosin head which can then 
realign and, if conditions permit, reattach and 
continue to exert force. This activity is cyclic, some 
crossbridges are attached while others are not and this 
helps to make the shortenings smooth rather than 
staccato or jerky. 
The endogenous 
exhausted after 
supplies of ATP are modest 
only approximately 1 s of 
and are 
maximal 
exercise. Fresh supplies have to be provided and the 
mechanisms involved in the resynthesis of ATP are 
illustrated in Figure 2.1 p 30. 
Lohmann (1934) demonstrated that creatine phosphate 
(CP) catalysed by the enzyme creatine phosphokinase 
(CPK) resynthesised ATP from adenosine diphosphate 
(ADP) but only after there had been an initial 
breakdown of ATP (step 2 in Figure 2.1). Intramuscular 
concentrations of CP are approximately 17 mmol'kg- 1 
muscle (wet) which corresponds to approximately 75 
mmol·kg- 1 muscle (dry) (Bergstr8m et al. 1971, Jacobs 
et al. 
1986). 
, 
1983, Astrand and Rodahl 1986, Cheetham et al. 
The adenylate kinase or myokinase reaction, 3a 
in Figure 2.1, can resynthesise ATP leaving adenosine 
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monophosphate (AMP) but only when the other systems 
described here are either exhausted or inhibited 
(Woledge et al. 1985). The effectiveness of the 
reaction can be increased if AMP can be removed (by 
deamination) to form inosine monophosphate, step 3b. 
1 MgATp2 - _ MgADP- + HP04 2 - + H' 
2 W + PCr2 - + MgADP- _ Cr + MgATp2-
3a H+ + 2MgADP- _AMP- + MgATp2- + Mg2+ 
4 Glycogen unit + 3MgADP- + 3HP04 2- + H+~ 
2 lactate- + 3MgATp2-
5 Glycogen unit + 602 + 36MgADP- + 36HP04 2-
+ 36H+ ---'6COz + 6HzO + 36MgATpZ-
Figure 2.1. The main reactions which occur during 
muscle activity to resynthesise ATP (Woledge et al. 
1985 p 168). 
ATP can also be resynthesised if carbohydrate, in the 
form of glucose or fructose, is metabolised. 
is made available to muscle cells in two ways. 
Glucose 
First, 
glucose molecules can pass from the blood through the 
sarcolemma into the cell interior and second, glucose 
can be split from the intramuscular glycogen stores in 
a process called glycogenolysis. The amount of 
glycogen in. wet muscle is approximately 1 - 3 % (by. 
weight) which is equivalent to approximatelY 250 
mmol- kg- 1 dry. However, the anaerobic metabolism of 
carbohydrate i. e without the use of oxygen, produces 
lactic acid as a by product, see step 4 in Figure 2.1. 
In the blood, this is known as blood lactate. The 
increased H+ concentration in and around the muscle 
cell inhibits the mechanisms which are involved in 
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cross bridge activity so force developing potential is 
reduced. Even at rest lactic acid is present, 
intramuscular and blood concentrations are 
approximately 1 mmol-kg- 1 and 1 mmol-l- 1 respectively 
(Brooks and Fahey 1984, Lamb 1984, Astrand and Rodahl 
1986) • If exercise is accompanied by concentrations of 
approximately 4 mmol-kg- 1 and 4 mmol-l- 1 , further 
increases in intensity 
lactate (Karlsson et 
will lead to the accumulation of 
a1. 1981). Peak values after 
maximal exercise vary considerably according to such 
factors as fibre type, pattern of exercise, the sample 
si te and the age and sex of the subject (Brooks and 
Fahey 1984, Lamb 1984, Astrand and Rodahl 1986, Guy ton 
1986, Fox et al. 1988). Furthermore, peak blood levels 
occur between 5 and 10 min after exercise has ended 
which indicates the efflux of lactate from the muscle 
cell into the surrounding tissue fluid and then into 
the blood stream (Gass et a1. 1981, Fujitsuka et a1. 
1982, Jacobs 1986). However, values are usually in 
excess of 8 mmol- kg- 1 of muscle and may rise into the 
low 20's. The values in blood are similar although the 
higher concentrations are slightly depressed into the 
teens , although values of between 20 and 25 mmol-l- 1 
have been reported (Kinderman and Keul 1982). Possible 
mechanisms for this difference will be considered in 
section 2.5 pages 58 to 67. Al though not 
concern of this thesis, it is important to 
carbohydrate, and fat in the form of non 
the prime 
note that 
esterified 
fatty acids, can be metabolised aerobically and this is 
illustrated in step 5 in figure 2.1. 
Precisely which ATP resynthesis mechanism predominates 
during maximal exercise has been the subject of much 
debate. Traditionally the assumption has been that 
glycogenolysis is initiated only after the CP stores 
had been exhausted and that this occurred after 
approximately 10 s after the onset of activity. 
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Consequently, this energy provision was termed 
alactacid (Margaria et al. 1969) . However, the 
reintroduction of the muscle biopsy needle (Bergstr8m 
1962), permitted more sophisticated investigations into 
muscle metabol ism during exercise. Since then it has 
been demonstrated quite clearly that lactic acid 
production and intramuscular glycogen depletion occur 
before the exhaustion of CP stores and possibly from 
the actual onset of exercise (Bergstr8m et al. 1971, 
Hermansen 1971, Boobis et al. 1983, Jacobs et al. 
1983) . 
Fatigue, the failure to maintain force or power output 
(Knuttgen et al. 1983), is illustrated by a rapid and 
dramatic decrement in performance during maximal 
exercise and is seen after only a few seconds of 
activity. It is likely that this is attributable to 
the increased H+ concentration which is a corollary of 
the increased lactate levels. Consequently, pH falls. 
Post exercise intra 
reported by Brooks 
1972) and estimated 
muscular values of 6·4 have been 
(1987), 6·6 {Hermansen and Osnes 
to be 6·7 (Cheetham et al. 1986). 
Resting values are approximately 7·0 and blood values 
7·4 (Lamb 1984). The reduction in the effectiveness of 
cross bridge cycling is brought about by the inhibition 
of Ca+ + activation of actomyosin ATPase (Donaldson et 
al. 1978, Hermansen 1979). 
This metabolic scenario is not the complete picture 
because there are excitatory and electrophysiological 
features of fatigue (Edwards 1979) which might be 
central or peripheral in origin (Bigland-Ritchie et al. 
1978, Edwards 1981). Central fatigue mechanisms are 
associated with motivation, impaired transmission down 
the spinal cord and impaired recruitment of motor 
neurones. Peripheral mechanisms may involve impairment 
of the junction of the peripheral nerves, neuromuscular 
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junction transmission, electrical activity of muscle 
fibres or the process of activation within the fibre 
(Gibson and Edwards 1985). It is highly likely that 
fatigue is not attributable to either electrical or 
metabolic mechanisms exclusively but to a combination 
of both. The catastrophe theory of fatigue (Edwards 
1981, Edwards 1983, Gibson and Edwards 1985) has been 
proposed to attempt to explain how this might be. 
2.4 THE ASSESSMENT OF MAXIMAL EXERCISE PERFORMANCE 
Fatigue, in particular in the context of ATPase 
activity, leads smoothly into the area of muscle 
mechanics and hence, performance. The cross bridge 
theories have been developed (Huxley and Simmons 1971, 
Podolsky and Nolan 1973, Hill et al. 1975, Eisenberg 
and Hill 1978, Eisenberg et al. 1980, Eisenberg and 
Greene 1980, Huxley 1980), to explain the properties of 
actomyosin during cross bridge states in the processes 
of shortening. The suggestions made have been that 
each mechanically distinct state of the cross bridge is 
identified by an accompanying biochemical state which 
is also distinct. 
Since the beginning of this century there has been a 
tendency to focus attention on submaximal rather than 
maximal exercise in man. In spite of this, there has 
been a sustained interest in maximal exercise which has 
been punctuated by particularly exciting advances. The 
last fifteen years have witnessed an upsurge in 
developments which are a result of improvements in 
methodology. This is illustrated for example, by the 
symposium on Human Muscle Power held at McMaster 
University in Canada in 1984 (Jones et al. 1986) and 
the review of standard anaerobic tests by Vandewalle et 
al. (1987). 
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The bases of our· present day understanding were 
provided by studies on isolated mammalian and 
reptilian muscle but by 1913 A. V. Hill had begun a 
quite extraordinary career in which he investigated 
muscle function in man. This first attempt was 
following as Hill himsel f said, "a false trail" (Hill 
1965, p 40) because it was assumed at the time that the 
primary function of muscle was to produce elastic 
energy which could be used, if conditions allowed, to 
bring about shortening. Fenn (1923) published, "one of 
the most notable papers on muscle physiology" (Hill 
1965 p 45) which investigated mechanical work done by 
(frog) muscle. Gasser and Hill (1924) identified a 
feature which was to influence later investigations, 
even to the present day, when they suggested that the 
fundamental mechanical response attained it's maximum 
intensity quite early in the shortening. 
Hartree and Hill (1928) initiated the calculation of 
the mechanical efficiency of muscle but the values were 
too low because of an error in the heat calibration. 
Such an omission was 
paper raised an 
indeed a portent 
issue which has 
because the 
challenged 
investigators repeatedly, is i t effectiveness or 
efficiency which is the important characteristic during 
maximal exercise? Lafortune and Cavanagh (1983) stated 
that the two terms are quite distinct and the American 
College of Sports Medicine, ACSM, discussed these 
implications extensively (Cavanagh and Kram 
Cavanagh and Kram 1985b, Daniels 1985, Williams 
This is a further illustration of the potential 
of mechanical terms which, encouragingly, has 
recognised and rectified. 
1985a, 
1985). 
misuse 
been 
The next major landmark was in 1938 when the notion 
that muscle viscosity regulated the speed of muscle 
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shortening was abandoned (Hill 1938a). This was 
followed by possibly the most far reaching of findings 
concerning muscle function, the force velocity 
relationship (Hill 1938b). Hill himself is remarkably 
modest about this paper claiming that he, "stumbled 
upon it" (Hill 
relationship had 
1970 p 
in fact 
3) 
been 
and that 
outlined 
a similar 
three years 
earlier by Fenn and Marsh (1935). 
Hill formulated an equation, the characteristic 
equation (Woledge et al. 1985), which is a two 
component model to describe observation. The velocity 
of shortening reduces as the force applied by a muscle 
increases, hence the term force velocity relationship. 
Furthermore, there is an elastic component, the series 
elastic component or SEC, which can enhance the 
shortening characteristics of muscle especially if the 
shortening is preceeded 
activity (Asmussen and 
immediately 
Bonde-Petersen 
by eccentric 
1974) . The 
elastic property of muscle was recognised first by 
Weber in 1846 (Needham 1971) but Hill was the first 
person to account for its contribution and interest 
continues (Van Ingen Schenau 1984). The relationship 
is in the form of an equation for a rectangular 
hyperbola (see Figure 2.2 page 36) which is represented 
as: 
(F + a) (v + b) = (Fo t a) b 
where F = force during shortening at 
velocity v 
Fo = force during isometric 
tetanus 
a = a constant possessing the 
dimension of force 
b = a constant possessing the 
dimension of velocity 
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Figure 2. 2 The classical .force velocity curve for isolated 
. muscle (after Astrand and Rodahl 1986). 
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The curvature of the hyperbola is specified by the 
value a/Fa, which is equal to b/vmax where Vmax is the 
maximum velocity of shortening i. e. when F = O. The 
representations of F and v can be either absolute or as 
a proportion of their maximum values i. e. F /Fa and 
V/Vmax. The products of force and velocity have the 
dimensions of power: 
F (N) x v (m·s- 1 ) = N m·s- 1 
= J·s-l 
= W 
- which suggests 
that there is an optimum force or load, which will 
produce peak power output. Different muscles however, 
have different force velocity relationships and data on 
these relationships are available (Woledge et al. 1985, 
pp 52 - 55). Wickiewicz et al. (1984) determined force 
velocity relationships for the knee flexors, knee 
extensors, plantar flexors and 
found that all were different. 
plantar extensors and 
The use of the force 
velocity product to give instantaneous values of power 
output will be examined in more detail later (see page 
42) . Wilkie (1950) carried out a comprehensive study 
on the relationship between force and velocity during 
maximal activity of m. biceps. He developed a detailed 
correction to the characteristic equation which 
accounted for the inertial properties of the lower arm. 
Consequently, he calculated what the maximal velocity 
of shortening of m. biceps would have been had the 
lower arm not been present. 
It is seen therefore, that if the assessment of maximal 
exercise in man is to be meaningful, two criteria have 
to be satisfied. First, the mechanical principles 
outlined in section 2.2 (pages 20 to 25) and second, 
the force velocity relationships outlined above. To 
what extent have assessment procedures achieved this 
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aim? To answer 
by categorising 
Basically there 
this question, 
the procedures 
are four types: 
it is helpful to begin 
that have been used. 
running (horizontally 
and up gradients), jumping, cycling and, more recently, 
isokinetic protocols. 
2.4.1 RUNNING 
Running is possibly the most basic of activities 
but it presents some difficulties which confound 
attempts to quantify the performance in 
mechanical terms (Winter 1979, Williams 1985) . 
Initial investigations were concerned with 
oxygen uptake, V02, especially at running speeds 
which were in excess of those which could be 
maintained at steady state (Benedict and 
Cathcart 1913, Hill and Lupton 1922, Sargent 
1926, Furusawa et al. 1927a, Furusawa et al. 
1927b). Studies were also carried out to 
determine mechanical efficiency or equations of 
motion during maximal exercise (Lupton 1923, 
Best and Partridge 1928, Best and Partridge 
1929). The simplest way to assess running 
performance is record the time it takes to run 
a set distance (Johnson and Nelson 1986) but the 
uni ts used, s, do not permit the performance to 
be described as either work or power. A 
detailed examination of the mechanical factors 
which are involved will be made in section 2.4.2 
(pages 40 to 43). Similarly, sprint tests on 
inclined treadmills have been employed 
(Cunningham and Faulkner 1969, Thomson and 
Garvie 1981, McKenzie et al. 1982, Schnabel and 
Kindermann 1983). More recently, an exciting 
development has been the introduction of a test 
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which is designed to assess power output whilst 
running horizontally (Lakomy 1984). 
A self powered treadmill is used with the 
subject tethered to the apparatus via a suitable 
harness which is fitted with a force monitoring 
device. This design has been used to assess the 
mechanics involved in running (Brooks et al. 
1985, Cheetham and Williams 1985, Cheetham et 
al. 1987). 
Power output while 
evaluated from the 
running upstairs has been 
time taken to raise the 
weight of the body, N, through a vertical 
distance h (Margaria et al. 1966). The protocol 
is simple, inexpensive and reliable (Margaria et 
al. 1966, Ayalon et al. 1974, Sawka et al. 
1980) . Normally, subjects have a 5 m run in, 
traverse steps two at a time and the vertical 
displacement is approximately 1 m. Kalaman 
(1968) modified the protocol slightly by having 
a 6 m run in and subjects progressed three steps 
at a time. The calculated value of power output 
can be increased if the subject carries 
additional load. Caiozzo and Kyle (1980) 
increased the body weight of their subjects by 
40 % and demonstrated an increase in power 
output of 16 %. Similarly, Kitagawa et al. 
(1980) demonstrated a 10 % improvement in power 
output as a result of carrying an additional 33 
% of body weight. Interestingly, Kyle and 
Caiozzo (1985) found that values of power output 
were higher while running up a ramp than while 
running up stairs with a similar gradient, 30 0. 
This is understandable because the stride 
pattern adopted to run up a ramp is freely 
selected whereas when running up stairs, it is 
imposed by 
Consequently, 
effective. 
2.4.2 JUMP TESTS 
the spacing 
the former is 
of the 
likely to 
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steps. 
be more 
The Sargent Jump is a well established procedure 
and has often been used to assess maximal 
exercise (Johnson and Nelson 1986) • It's 
precise origins are often misunderstood because 
the use of the test as a measure of power was 
suggested by L.W. Sargent (1924) whereas the 
original announcement of the procedure, the 
"physical test of a man", was made by D.A. 
Sargent (1921). The technique was modified by 
Johnson and Nelson (1986) to become a "Power 
Jump" and the Lewis nomogram (Fox et al. 1988) 
has been suggested as a means to calculate power 
output from vertical jump data. 
The use of jumping supposedly to assess power 
output illustrates beautifully the potential 
misapplication of mechanical principles. The 
introduction by Marey and Demeney in 1885 
(Cavagna 1975) and more recent use of the force 
platform (Davies and Rennie 1968), has allowed 
more sophisticated analyses of maximal exercise 
but has not necessarily, reduced confusion 
(Offenbacher 1970, Adamson and Whitney 1971, 
Davies 1971, Cavagna et al. 1971, Lees and Fahmi 
1983, Davies and Young 1984). 
Theories which underly the attempts to quantify 
power output during a vertical jump fall into 
two categories (Smith 1972). The first and most 
commonly employed (Davies and Rennie 1968, 
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Offenbacher 1970, Davies 1971, Hopper 1973, Lees 
and Fahmi 1983) involves the integration of the 
equation which expresses Newton's second 
observation of motion (see page 24) with respect 
to time. Subsequent treatment of the data thus 
derived may vary but the end product contains a 
component which includes the product of force 
and velocity and appears to yield values for 
instantaneous power. 
However, if a force platform is employed to 
record the necessary data, the force recorded at 
it's surface i. e. at the subject's feet, does 
not move its point of application appreciably 
and hence by definition, is not available for 
any calculations of mechanical work done. This 
interpretation is stringent so it is 
understandable to suggest that a force of some 
sort is acting on the body's centre of mass to 
propel it upwards. The centre of mass in 
question is approximately 1 m from the point of 
application of the force and the two are 
connected by a non rigid link system comprising 
the foot, lower leg, thigh and pelvis. The 
application of the transmissibility of force 
concept is only permissible in rigid bodies 
(Hartog 1948) which is certainly not the case in 
man. 
The second category involves the work energy 
approach which may be expressed in the form: 
Work done by 
external forces 
(ground forces) 
Increase in 
= potential 
energy 
Increase in 
+ kinetic 
energy 
Useful energy 
+ released in 
muscle 
activity 
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Smith (1972) 
In this case, 
ground forces 
the work done by the external 
is considered correctly, to be 
zero. The kinetic energy component encompassses 
the angular as well as the linear kinetic 
energies of the the body's segments which makes 
it's evaluation difficult. Furthermore, it is a 
scalar value so it is not suitable to relate it 
to vertical jump height measurement which is 
obviously a vector quantity. 
Variations upon this theme (omitting an 
evaluation of the embarrassing kinetic energy 
component) have been employed by Bosco et al. 
(1983a), Bosco et al. (1983b) and Lees and Fahmi 
(1983) . In the first two studies, the activity 
was of a bouncing nature and lasted 60 s. 
Movement of the arms was restricted because the 
subjects had to perform the test with with their 
hands akimbo. This reduced external arm 
"kinetics". In the latter study, it was 
acknowledged that rotational effects were 
ignored. 
Adamson and Whitney (1971) challenged forcibly 
the concept of instantaneous power output 
calculated from the product of force and 
velocity. By definition, instantaneous power 
output is a misnomer (see section 2.2 page 24), 
although differential calculus might resolve 
that 
more 
particular issue. 
importantly, they 
Secondly, and perhaps 
indicated that the 
instantaneous velocity of movement of the centre 
of mass is not due to the current force, but to 
the preceeding force time integral. This leads 
elegantly and logically to the impulse momentum 
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relationship, which was outlined in section 2.2 
pages 24 to 25, to describe the motion of the 
sound body. This procedure is based on 
mechanical principles and is quantified simply 
from a sui table force time record although the 
caveat attributable to Hartog (1948) might still 
apply. Precisely the same arguments apply to 
running and, to a lesser extent, in stair 
climbing which were alluded to in section 2.4.1 
pages 38 to 40. Adamson and Whitney (1971) were 
firm in their condemnation of the use either 
power or power/weight in connection with 
impulsive non cyclic activities on the grounds 
that it was meaningless and unjustified. 
Smith (1972) endorsed the preference for 
impulse/momentum to energy or power in the 
investigation of explosive action. Bartlett 
(1984) concluded that performance in the 
standing vertical jump and reach test is highly 
dependent upon the subject's ability to release 
or generate power, but that this cannot be 
predicted from jump height. Jumping and running 
might well contain the strict requirements which 
would allow the correct use of energy and power 
but presently with the evaluation systems 
available, the potential for abuse still 
predominates. The potential dangers of· 
oversimplification have been recognised by 
Winter (1979) and Williams (1985) who point out 
the error in assuming that the trajectory of the 
body's centre of mass contains the necessary 
information to calculate the internal work done 
by the body. Consequently, the employment of 
the traditional vertical jump as a measure of 
power must be regarded with great suspicion. 
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2.4.3 CYCLE ERGOMETER TESTS 
Precisely when cycle ergometry was first used to 
investigate metabolism is unclear but among 
early studies cited by Tuttle and Wendler (1945) 
were those of Atwater et al. (1903), Benedict 
and Carpenter (1909), Benedict and Cady (1912) 
and Benedict and Cathcart (1913). The inertia 
wheel, designed by A. C. Downing (Hill 1922) was 
a device 35 kg in mass with different pulley 
wheel s to alter the gearing, could be regarded 
as a cycle ergometer and was used to assess 
muscle activity in the arms. The mechanics of 
bicycle pedalling during high intensity exercise 
came under scrutiny (Dickinson 1928, Dickinson 
1929, Fenn 1932, Hill 1934) and the design of 
ergometers became increasingly sophisticated. 
Kelso and Hellebrandt (1932) introduced a device 
which employed a direct current generator as the 
brake and Tuttle and Wendler (1945) modified the 
design so that the ergometer could be operated 
by alternating current. In the same year, 
Asmussen and B~je (1945) used all out cycle 
ergometry to assess the effect of changes in 
body temperature on power output. 
The introduction of commercially available 
friction braked devices presented inexpensive 
ergometers which were readily available. Their 
use became widespread in laboratory and field 
based assessments of the body's responses and 
adaptations to sub maximal exercise (Astrand and 
Rhyming 1954). However, in spite of the wide 
spread use of these machines, it was not until 
some twenty years later that they had a marked 
impact on metabolic studies associated with 
maximal intensity exercise. Abbott et al. 
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(1952) developed an ingenious system to assess 
eccentric and concentric muscle acti vi ty. Two 
ergometers were attached so one subject had to 
resist the pedalling motion of another by 
performing negative work. The design was later 
modified by replacing one of the ergometers with 
a motor (Abbott and Bigland 1953). The systems 
demonstrated that the subject performing 
concentric exercise could be exhausted by the 
subject who was performing eccentric exercise 
which suggested that the latter was more 
effective. Harrison (1970) developed an 
ergometer which had an eliptical crankshaft 
sprocket designed to maximise power output for 
as long as possible. The system has not been 
adopted widely. 
Cumming (1974) introduced a friction braked 
cycle ergometer test which was developed at the 
Wingate Institute in Israel and became known as 
the Wingate Anaerobic Test (WAnT) . The 
prototype was announced by Ayalon et al. ( 1974 ) 
but since then the test has evolved and a 
comprehensive description of the protocol has 
been published (Bar-Or 1981). The test involves 
pedalling or arm cranking for 30 s at maximal 
intensity against a constant force and was 
designed to be simple to administer using 
commonly available, inexpensive ergometers. Its 
use has become widespread (Bar-Or 1987). 
Performance during the test is expressed as mean 
power output for each 5 s interval. In the 
initial tests this was achieved by counting 
pedal revolutions manually but the development 
of logging procedures which employ micro 
computers has led. to more sensi ti ve techniques 
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(Lakomy and Wootton 1984, Nakamura et a1. 1985, 
Vandewalle et al. 1985, McClenaghan and 
Literowi tch 1987). Usually, three indices of 
performance are recorded: 1) peak power output 
which is taken to be the highest mean power 
output for each 5 s interval, 2) mean power 
which is mean power output for the duration of 
the entire test and 3) power decrease which is 
the difference between peak power output and the 
lowest power output. Most research has focus sed 
on peak power and mean power output (Bar-Or 
1987) and the protocol has been used to assess 
maximal exercise performance of adolescents 
(Armstrong et a1. 1983), women (Jacobs et a1. 
1982), athletes (Taunton et al. 1981) and in 
studies where the responses to maximal exercise 
were under scrutiny (Inbar et a1. 1979, Bar-Or 
et al. 1980, MacDonald et a1. 1983). Although 
the test is performed "all out", there is a 
contribution from aerobic sources which has been 
reported to range in magnitude from 29 % down to 
13 % (Inbar et a1. 1976, Bar-Or 1987). 
Consequently Bar-Or (1987) has suggested that 
claims that WAnT assesses anaerobic capacity 
should be avoided. 
performance. 
WAnT is a test of anaerobic 
In the development of the original protocol the 
optimum load for use with Monark ergometers was 
adjudged to be in the ratio 0·075: 1 with body 
weight and 0·040: 1 for Fleisch devices (Ayalon 
et al. 1974). The suitability of these loads to 
maximise mean power output was assessed in more 
detail at a later date (Dotan and Bar-Or 1983) 
and the optimal value was declared higher for 
Monark ergometers, 0,087:1. However, mean power 
output was demonstrated to be a robust measure 
page 47 
and could withstand variations above and below 
the proposed optimum. In a more recent review, 
Bar-Or (1987) suggests that with the benefit of 
hindsight, this load ratio might be too small, 
especially for elite sprint type performers. 
Katch et al. (1977) developed a 40 s test which 
used a constant braking force of 54 N designed 
to assess maximal exercise (Katch and Weltman 
1979) . 
However, it was unlikely that these loading 
procedures would satisfy muscle force velocity 
relationships outlined by Hill (1938b) 40 years 
previously, in all subjects and possibly in any. 
Marechal et al. (1979) and Pirnay and Crielaard 
(1979) proposed a test which attempted to assess 
peak power output, as opposed to a mean power 
value. This comprised short maximal sprints of 
5 - 7 s duration against several braking forces 
on a Monark ergometer. The highest value 
recorded was taken to be peak power. 
Evans and Quinney (1981) attempted to develop a 
regression equation which incorporated body mass 
and leg volume to calculate optimal loads but 
this made the test procedure more demanding. 
Furthermore, Patton et al. (1985) employed the 
equation with a group of non athletic military 
personnel and found that it had low validity. 
This· result agrees with Katch (1974) who also 
suggested that the prediction of optimum load 
from leg volume was modest. In addition, La 
Voie et al. (1984) found that the predicted 
force yielded a higher peak power output than 
the Wingate load but the mean power output 
figure was suppressed. 
-, 
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It was clear that on friction braked cycle 
ergometers, either a set load or a load in ratio 
with body mass would not necessarily satisfy 
muscle force velocity relationships (Hill 1938). 
This point was made forcibly by Sargeant (1981) 
who suggested that an isokinetic system would be 
preferable. 
the concern 
However, 
is not 
during cycle ergometry, 
just with one muscle. 
Performance is 
interrelationship 
dependent 
of different 
upon 
muscles 
the 
and 
muscle groups which, in addition, operate 
through~ut one complete pedal revolution i.e. a 
complete cycle of activity. It was pointed out 
in section 2.4.1 page 37 that different muscles 
have different force velocity relationships. An 
optimum load for peak power output using this 
type of ergometry is essentially, an overall 
optimum for an amalgum of the optima for the 
different muscles involved. An isokinetic test 
has been developed (McCartney et al. 1983a) in 
which the pedals of the ergometer are driven at 
constant velocity by an electric motor and the 
subject attempts to accelerate the system. The 
forces that are registered on the pedals are 
detected by 
the cranks. 
strain gauges which 
By altering 
are attached to 
pedalling rate 
externally, the accompanying forces can be 
detected and force velocity relationships can be 
assessed. Such devices have been used in a 
number of studies since then (McCartney et al. 
1983b, McCartney et al. 1983c, Sargeant et al. 
1984a, Sargeant et al. 1984b, McCartney et al. 
1985, Sargeant and Dolan 1986). A similar 
system of force recording has been used before 
(Hoes et al. 1968, Sj%gaard 1978) but not with a 
motor propelling the system. 
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Technically the data logging procedures are 
demanding because data have to be transmitted 
from a rotating system and a slip ring is 
employed. Consequently, noise suppression i.e. 
the reduction of extraneous signals, creates 
potential difficulties. Also, instantaneous 
values of power output, the force velocity 
products, are usually calculated and this 
procedure has already been questioned in section 
2.4.2. pages 42 and 43 although occasionally the 
mean value for a complete cycle of acti vi ty is 
also declared. Recorded values of peak 
instantaneous power output, 1,826 ± 287 W 
(McCartney et al. 1983b), 1,577 ± 263 W 
(McCartney et al. 1983c) and approximately 1,400 
W (Sargeant et al. 1981) are approximately half 
the equivalent values derived from vertical 
jumps (Davies and Rennie 1968, Davies 1971, Lees 
and Fahmi 1983). This probably reflects the one 
legged derived performance data for cycling and 
the two legged deri ved value for jumping. 
Interestingly, peak power output values for the 
Margaria stair climbing test (Margaria et al. 
1966) are about the same as those produced 
during cycling (Fox et al. 1988). 
Within the last decade there has been a 
concerted attempt to devise optimisation 
procedures for friction braked ergometers. The 
low cost of these devices means that they are 
ubiquitous so potentially, performance data from 
laboratories in different countries can be 
compared meaningfully. In particular, drop 
loaded or "basket" ergometers e.g. Monark type 
864, permit rapid applications of load. Several 
studies have demonstrated that there is an 
inverse linear relationship between the applied 
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braking force and the accompanying peak 
pedalling rate and a parabolic relationship 
between power output and braking force 
(Dickinson 1929, Peres et al. 1981a, Peres et 
al. 1981b, Nadeau and Brassard 1983, Vandewalle 
et al. 1983, Vandewalle et al. 1986). The same 
applies on isokinetic systems (Sargeant et al. 
1981, McCartney et al. 1983a) . This differs 
from the rectangular hyperbolic relationship of 
the characteristic equation (Hill 1938b) but 
this is 
ergometry, 
page 48). 
not surprising because during 
muscle groups are interrelating 
Also, the muscles are in vivo, 
cycle 
(see 
they 
are not isolated. 
are changes in 
During cycling motion, there 
leverage which affect the 
shortening characteristics of the muscles under 
scrutiny. At odds with this general finding is 
the hyperbolic relationship between braking 
force and pedalling rate which was demonstrated 
by Sj)a'gaard (1978). There is no apparent 
explanation for this anamoly. 
the linear braking Two developments of 
force/pedalling rate relationship have been 
proposed independently of each other. One in 
France (Vandewalle et al. 1985), the other in 
Japan (Nakamura et al. 1985). 
Vandewalle et al. (1985) suggested . that the 
linear relationship between the velocity of a 
point on the flywheel of the ergometer (v) and 
the applied braking force (F) could be 
represented as: 
v = a - bF 
= Vo - voF/Fo 
page 51 
where: Vo is the pedalling 
rate when the applied 
force is 0 N (obtained 
by extrapolation) 
Fo is the braking 
force when the 
velocity is 0 m's-l 
Peak power output (W) for a given braking force 
(F) can be taken to be the product of F and v. 
Consequently, the relationships between force 
and peak power output with that force and 
veloci ty and peak power output are parabolic. 
Therefore: 
W = F.v 
= Fo. (v - v 2 Ivo ) 
= Vo, (F - F2 Ifo ) 
Optimised peak power output, Wmax, is obtained 
for a velocity and a braking force respectively 
which correspond to 0, 5 Vo (dW I dv = 0) and 0, 5 
Fo (dW/dF = 0), Therefore, Wmax = 0,25 voFo. 
Nakamura et al. (1985) started from the same 
basic premise but used pedalling rate rather 
than the velocity of a point on the flywheel. 
They stated that the relationship between peak 
pedalling rate (R) and its accompanying load (L) 
was in the form: 
R = a + bL 
On Monark ergometers, one pedal revolution moves 
a point on the flywheel a distance of 6 m. An 
expression for power can be presented: 
--------- ----
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W = R x 6 x L 
60 
W = a + bL x 6 x L 
60 
W = aL + bL2 
10 10 
By differentiating this expression, the load 
which corresponds to the maximum value of W can 
be identified: 
dW = a + 2bL 
dL 
o = a + 2bL 
L = a 
2b 
Substituting this value for L: 
a b 
W .. a x = a (- 2 b) + (b - 2 b ) 2 
10 10 
= - 0'025a2 
b 
As b is negative,. peak power output (OPP) the 
load corresponding to opp (OL) and the rpm 
corresponding to OPP (ORPM), can be determined 
with remarkable simplicity and with an elegance 
which is not shared by the alternative method. 
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The development of these protocols appears to 
allay anxieties about the possible inability of 
friction braked ergometry systems to satisfy 
muscle force velocity 
Encouragingly, the tests have 
relationships. 
the advantage of 
being relatively simple to administer. Peak 
pedalling rate can be achieved within 5 - 8 s of 
acti vi ty (Nakamura et al. 1985, Vandewalle et 
al. 1985) and as few as three di fferent loads 
are all that are required to establish the 
appropriate regression equation. In addition, 
the subject is not devastated by the procedure. 
However, there are four potential limitations 
which have to be considered. First, the 
completeness of the calculations which are used 
to determine· peak power output. Lakomy (1986) 
suggested that usually, no account was made of 
the energy which is invested in the system to 
accelerate it to peak velocity. For a friction 
braked ergometer (Monark), he determined an 
"acceleration balancing load" . This was 
achieved by plotting flywheel deceleration (from 
an initial rpm of 150) against the applied 
braking force. This value could be added to the 
conventional resistive force to give an 
effective load i.e.: 
effective load, F = resistive load (RL) + excess 
load (EL) 
Multiplication of F by the velocity of the 
flywheel provides an instantaneous value of 
power output. By introducing this correction, 
Lakomy (1985) demonstrated that the lightest 
loads were in fact, the ones which produced peak 
power output. This was a direct contradiction 
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of the characteristic equation (Hill 1938b). 
The principle can be acknowledged and indeed, so 
too can the ingenuity but three points are at 
issue. First, the characteristic equation 
(Hill 1938b) and that of Wilkie (1950) described 
in section 2.4 pages 35 to 37, was based on data 
for peak velocity of movement although Wilkie 
(1950) modified the form of the equation to 
account for the inertia of the forearm and 
calculated a peak velocity that would have 
occurred had the forearm not been present. 
Second, the interest is concerned primarily with 
output i. e. the external manifestation of the 
performance. An analogy can be drawn with a 
filament bulb and power supply. If the power is 
supplied by some sort of rotating device, which 
is usually the case, the bulb burns most 
brightly when the device is rotating at peak 
velocity, not when it is accelerating. It might 
be of interest to understand the acceleration 
characteristics of the system, but it is the 
intensity of light actually emitted by the bulb 
which is of practical significance. Third, there 
are technical difficulties which are not easy to 
resolve. The calculated value of peak power 
output depended on the sampling time that was 
used to record data from the flywheel (1 s, 0·5 
s or 0·25 s). These sampling intervals are not 
in sequence with the biological activity which 
occurs at the pedals and the flywheel is 
unlikely to be at constant velocity, especially 
when the heaviest loads are applied. It is 
also difficult to control the "noise" in the 
logging systems. Data capture is accordingly, 
seriously compromised. This issue 
again the use of instantaneous 
raises once 
values of 
performance where mean performance for a 
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complete biological cycle of acti vi ty would be 
more meaningful. 
A second limitation which could detract from 
performance concerns the inertial properties of 
the legs themselves. This is an issue which is 
similar though more complicated than the one 
investigated by Wilkie (1950). Mechanical work 
has to be done to change the displacement of the 
lower limb segments so with respect to time 
there is an "internal" power output, Wint, which 
is not included in the evaluation of "external" 
power output, Wext. This was recognised by Fenn 
(1930) who attempted to calculate Wint for 
maximal running speed. More recently, Kaneko 
and Yamazaki (1978) investigated the magnitude 
of Wlnt during cycle ergometry using 
cinematography. If the external component only, 
Wext, is all that is required then Wint does not 
enter the calculations. However, it is 
important to recognise the potential 
contribution from this source. 
The third potential limitation concerns the 
ergometer's inertial properties which are 
internal. Friction, for example, in the chain 
and spr,ocket assemblies will intervene between 
the forces applied at the pedals and the actual 
output at the flywheel. The manufacturers 
provide a suggested correction to take account 
of these losses which is in the order of 9 % of 
the indicated output. 
The fourth limitation concerns the length of the 
pedal crank i.e. the distance from the pedal to 
the axis of rotation of the crank. The effect 
of differences in this dimension was assessed by 
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lnbar et al. (1983a). They concluded that 
unless studies were to be conducted on children 
or extremely tall adults, the practical 
importance of crank lengths other than the 17-5 
cm used on Monark ergometers was marginal. 
The resolution of these limitations depends on 
the questions that are being investigated and, 
in consequence, the answers that are required. 
Stated simply, are absolute or comparative data 
required? While it is important to recognise 
the potential limitations of assessment 
procedures and 
it is also 
attempt to reduce their impact, 
important to acknowledge that 
very quickly become a quicksand 
at least call for a diversion and 
minutiae can 
which might 
could at worst, swallow the whole enterprise. 
2.4.4 lSOKlNETlC PROTOCOLS 
During the last two decades there have been 
developments in equipment that is used for 
rehabili tation i. e. isokinetic systems (Perrine 
1968, Sale and Norman 1982). These consist of a 
device which operates at constant velocity and 
can measure the force that is applied during the 
movement. According to Atha (1982), Levin and 
Wyman (1927) designed a constant velocity 
ergometer which was intended to control muscle 
shortening speed, so the more recent devices are 
not completely new. Usually the assessments are 
monoarticular, they record movement 
characteristics during flexion and/or extension. 
Such machines have been used to assess muscle 
force velocity relationships and there are few 
studies on athletes where these relationships 
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have not been investigated on an isokinetic 
ergometer (Gregor et al. 1979, de K8nig et al. 
1985, Vandewalle et al. 1987). 
Although the use of these devices appears to be 
limitations to attractive, there are 
ability to test dynamic 
tests it is difficult 
muscle function. 
their 
During 
to account for muscle's 
ability to generate and 
(Perrine 1986). When 
store mechanical energy 
the motion is imposed 
externally the muscle under scrutiny may be 
unable to exert maximal force, or more correctly 
torque (Maughan 1986), 
elastic component is 
effectively. Also, work 
must not be neglected 
because 
unable 
the 
to 
series 
operate 
done against gravity 
and that forces and 
velocities must be measured at the same muscle 
length or joint angle. Generally, these 
conditions do not prevail (Vandewalle et al. 
1987). Maughan (1986) also points out that the 
axis of rotation of the instrument's lower arm 
should be coincidental with the axis of rotation 
of the joint which should remain unchanged 
during the movement of the limb. The first of 
these requirements is difficult to achieve and 
the second, especially during movements around 
the knee, is almost impossible to attain. Most 
studies have used men as subjects and there are 
few data from women so comparisons are difficult 
to make. 
The cost of these devices is prohibitive and in 
addition as Maughan (1986) states, discrepancies 
in the data reported from different studies 
might at least in part, be a result of the 
different methods which have been used. 
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2.5 A COMPARISON OF THE FACTORS WHICH AFFECT MAXIMAL 
EXERCISE IN MEN AND WOMEN 
There is a fundamental feature which has to be 
addressed and which runs consistently throughout 
attempts to compare performance in men and women, the 
extent to which differences in ability are lodged 
quite properly in physiology and mechanics (Nimmo 1987) 
or social and cultural factors (Wilmore 1981, Wells and 
Plowman 1983, Birke and Vines 1987). Phenotype is not 
necessarily the expression of genotype and this has to 
be considered in the context of selecting the most 
appropriate ways to express data. 
Comparisons are not new, nor interestingly are the 
controversies which might result. Hill (1925) 
addressed the question, why are athletic performance 
standards in men superior to those in women? This work 
was extended (Hill 1926) and Best and Partridge (1929) 
suggested that per unit body weight, men could exert a 
propelling force which was about 18 % greater than that 
of women. Recent interest in the topic is illustrated 
by symposia which have been held to scrutinise the 
underlying mechanisms (Borms et al. 1981, MacLeod et 
al. 1987) and comprehensive reviews (Nygaard 1981, 
Drinkwater 1984, Wells 1985, Lewis et al. 1986). In 
spite of these examples, our understanding of the 
potential for maximal exercise in men and women is 
scant. 
There are gross factors which might be influential. In 
comparison with men, women are approximately 7 - 10 cm 
shorter, 10 - 15 kg less in mass, possess 5 - 7 kg more 
fat (60 - 100 % more as a proportion) and 15 - 20 kg 
less fat free -mass (Fox et al. 1988). Burkinshaw et 
al. (1971) assessed total body potassium by means of 
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K40 levels 
interstitial 
and 
fat 
suggested that 
was greater in 
the proportion of 
women than in men. 
There are also differences in the width of the hips, 
proportionally, women are larger and this increases the 
obliquity of the femurs and the length of the leg as a 
proportion of stature is smaller in women (Williams and 
Warwick 1980). Potentially this has implications for 
the development of force during leg exercise. 
Moving on from these gross differences, the 
characteristics of muscle can be examined and there are 
three main areas for comparison. First, 
neurophysiological aspects such as recruitment patterns 
and inervation. Second, muscle fibre types and area. 
Third, biochemical aspects of the potential to develop 
force and fatigue mechanisms. 
2.5.1 MUSCLE RECRUITMENT AND INERVATION 
Few data are available on comparisons between 
the inervation characteristics of skeletal 
muscle but there are data on the precise 
responses 
intervals 
to stimulation. 
during the 
There 
course 
are two main 
of muscle 
shortenings and force generation which have been 
investigated (Weiss 1965, Viitasalo 1980, Bell 
and Jacobs 1986). First, there is the interval 
between the receipt of the signal at the motor 
end plate and a change of electrical acti vi ty 
across the sarcolemma and second, the 
electromechanical delay (EMD) between the change 
in electrical activity and actual force 
generation by the muscle. EMD is associated 
predominantly with the time it takes to lengthen 
the elastic elements (Alexander and Bennet-Clark 
1977, Viitasalo and Komi 1981). 
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Collectively, these time intervals are referred 
to as "electro-mechanical response times". Bell 
and Jacobs (1986) assessed EMD which during 
maximal isometric activity of m. biceps, was 
defined as the time interval between the onset 
of electromyographic activity (EMG) and the 
onset of force generation. They found that 
there was no difference in pre motor time, 166·2 
± 32·8 ms for the women and 170·0 ± 24·9 ms for 
the men (p > 0·05) whereas there was a 
difference in EMD, 32·2 ± 12·8 ms for the women 
and 25·1 ± 10·4 ms for the men (p < 0·01). 
These data are similar to those of Komi and 
Karlsson (1979) who in addition, measured 
surface recorded electromyographic activity of 
m. vastus lateralis during maximal voluntary 
shortening which was 281 ± 166 mY· S-1 in women 
and 545 ± 408 mV·s-l in men (p < 0·001). 
These features might in part, be accounted for 
by differences in neuro motor control which 
involve the conduction of the action potential 
along the T tubule system, the release of Ca++ 
by the sarcoplasmic reticulum, cross bridge 
formation between actin and myosin filaments, 
the subsequent tension development in the 
shortening elements (Cavanagh and Komi 1979, 
Karlsson et al. 1981, Muro and Nagata 1985) and 
the SEC which in men is more resistant to 
stretch (Komi 1984b). These could be 
reflections of the higher concentrations of 
oestrogen in women which have been suggested as 
an explanation of their greater flexibility 
(Lamb 1984), or the higher concentrations of 
testosterone in men which could reduce the 
elasticity of muscle. 
------------- ------------
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These differences might have implications for 
maximal exercise but the results of studies have 
been equivocal. In jumping, it has been 
reported that there are no differences in the 
actual use of stored elastic energy and related 
biomechanical variables between comparably 
skilled men and women (Hudson and Owen 1985) 
which contradicts the suggestions made by Komi 
and Bosco (1978) who reported that women may be 
able to utilise a 
elastic energy 
greater portion of the stored 
during these activities. 
Clearly the issue is not fully resolved and 
requires further work. 
2.5.2 MUSCLE FIBRE TYPES AND CROSS SECTIONAL AREAS 
Technically, the results of histological 
investigations based on needle biopsy samples 
have suggested that there are marked variations 
in the proportions of different fibre types. 
Not only are there differences between repeated 
analyses on the. same sample, with coefficients 
of variation, V, of 15 - 20 % (Nygaard and Hede 
1987), but also from the site within the muscle 
which provided the sample (Mahon et al. 1984) . 
Elder et al. (1982) suggested that mean values 
for 3 - 5 sites would reduce V to ± 5 % but this 
is not practicable in large scale studies. 
Because of the potentially large variability of 
the measures, comparisons between the fibre 
composition in the muscle of men and women 
should be made with care. Another source of 
potential confusion arises when the parent 
population from which the muscle samples were 
taken is considered. For comparisons to be 
---_._-----_. 
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meaningful, subjects should be matched for 
factors such as age and exercise background. 
Notwithstanding 
investigated 
characteristics 
(Thorstensson 
(Hedberg and 
these points, studies have 
histochemical and metabolic 
of human muscle in men 
1976, Tesch 1980) , adolescents 
Jansson 1976), young adults 
(Nygaard 1981, Simoneau et al. 1985) and adults 
of mixed age range (EssAn-Gustavsson and Borges 
1986). The results have suggested that in 
sedentary adults the relative occurrence of type 
I and type 11 fibres in m. vastus lateralis in 
men and women is similar with approximately 50 % 
of each. Similarity between the sexes is also 
apparent when type 11 fibres are subdivided into 
the more oxidative IIa and more glycolytic lIb 
fibres. 
thirds 
Approximately one third 
IIb (Nygaard 1981). 
are IIa and two 
In trained 
indi viduals, sprinters 
type 11 fibres 20 
tend 
30 
to have 70 
% type I 
- 80 % 
whereas 
endurance performers illustrate the opposite and 
there is no apparent difference in this pattern 
when men and women are compared (Nygaard 1981). 
The cross sectional area of fibres is, in 
general, smaller in women than in men (Nygaard 
and Hede 1987). Drinkwater (1984) suggests that 
the area of type I fibres in women is 71 % that 
of men and the corresponding figure for type 11 
fibres is 68 %. Furthermore, in m. vastus 
lateralis of women, type I fibres have a larger 
surface area than type 11 (Nygaard and Hede 
1987). This is contrary to the findings for men 
who have significantly larger areas of type 11 
(Hedberg and Jansson 1976, Nygaard 1981, 
Simoneau et al. 1985, EssAn-Gustavsson and 
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Borges 1986). This sex difference has also been 
observed in some groups of athletes (Saltin and 
Gollnick 1983). The larger fractional volu~e of 
type I fibres in m. vastus lateralis of women 
suggests a relatively greater potential for 
oxidative metabolism in comparison with men 
(Saltin et al. 1977). 
2.5.3 BIOCHEMICAL ASPECTS OF MUSCLE FORCE DEVELOPMENT 
POTENTIAL 
Biochemical analyses have produced 
results but one firm finding has 
equivocal 
been the 
suggestion that women's skeletal muscle is more 
favourably equipped for aerobic exercise than 
men's. This is supported by the ratio of 
oxidati ve to glycolytic enzyme acti vi ties which 
is higher in women than in men (Bosco et al. 
1975, NikkilR et al. 1978, Komi and Karlsson 
1979, Nygaard 1981, Simoneau et al. 1985). In 
section 2.3 pages 26 to 33, it was seen that if. 
the energy demand could not be met aerobically, 
glycolysis, the anaerobic metabolism of 
glycogen, occurred with a concomitant increase 
in Ht concentration. The biochemical pathways 
in this breakdown are which are 
regulated 
catalyses 
involved 
by key enzymes. 
the breakdown of 
Phosphorylase 
intramuscular 
glycogen into glucose-I-phosphate, hexokinase 
catalyses the breakdown of blood glucose into 
glucose-6-phosphate and phosphofructokinase, 
PFK, catalyses the breakdown of fructose-6-
phosphate to fructose-1,6-phosphate. 
Levels of PFK activity in m. vastus lateralis 
have been demonstrated to be lower in 16 and 25 
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year old women than in age matched men (Hedberg 
and Jansson 1976, Nygaard 1981). The difference 
between the sexes is most marked in the 25 year 
olds where PFK acti vi ty is 60 % less in women 
(11- 7 ± 2 - 0 ]lmol- g- 1 - min- 1 compared wi th 20 - 4 ± 
5 -1 ]lmol- g-l - min- 1). It has been demonstrated 
in rats that testosterone increases 
phospohorylase acti vi ty (Krotkiewski et. a!. 
1980). Bass et al. (1975) studied m. quadriceps 
femoris of 10 women and 6 men and found that the 
activity of anaerobic enzymes including lactate 
dehydrogenase (LDH) were significantly lower in 
women than in men. Komi and Karlsson (1979) 
added further support to this finding by 
reporting higher levels of activity of Ca" 
ATPase (30 ± 10 ]lmol-g- 1 -min- 1 cf 20 ± 10 
]lmol-g-1. min- 1 p < 0.01), CPK (10 ± 1 ]lmol-g-
I-min- 1 cf 6 ± 0-1 ]lmol-g-1-min- 1 p < 0.05) and 
phosphorylase (1- 1 ± 0 - 6 ]lmol- g- 1 - min- 1 cf 0 - 7 ± 
0-4 ]lmol-g-1. min- 1 p < 0.05) in men than in 
women. Blood lactate levels after maximal 
isometric exercise 
women 
were 
(8-8 
also higher in the men 
± 2-6 mmol-l- 1 cf 6-4 ± than in the 
2 - 2 mmol-l- 1 p < 0.001). The subjects were 20 
pairs of male twins aged 11 to 24 (9 monozygous 
pairs 11 dizygous) and 11 pairs of female twins 
aged 15 24 (6 monozygous pairs and 5 
dizygous). However, it should be noted that the 
analyses were carried out on muscle homogenate 
which does not of course, take account of the 
relative volumes of the initial fibres. This 
could distort the interpretation of the data for 
enzyme concentration. Concentration of 
intramuscular ATP, CP and glycogen are similar 
(Fox et al. 1988). 
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Jacobs et al. (1983) reported intramuscular 
lactate levels after WAnT of 73·9 ± 16'1 
mmol'kg- 1 dry for men, 47·4 ± 16'1 mmol'kg- 1 for 
women (p < 0'005). However, when the data were 
subjected to analyses of covariance, with power 
output as 
were 64·8 
the 
± 
covariate, the 
6· 0 mmol· kg- 1 
adjusted 
and 54·3 
values 
± 4·9 
mmol·kg- 1 respectively, which were not 
significantly different (p > O· 05) . Similar 
results were reported by Mader et al. (1979) who 
demonstrated that there was no difference in 
peak blood lactate levels in men and women 
middle distance runners. Catecholamine response 
has been shown to be lower in females (Nygaard 
and Hede 1987). Women respond less intensively 
and later than men. 
Actual force production bears a close 
relationship to muscle cross sectional area and 
when expressed per unit area, strength in men 
and women does not differ (Ikai and Fukunaga 
1968, Nygaard et al. 1983, Maughan et al. 1983, 
Maughan 1984, Maughan 1986). The results of 
training programmes are interesting. Training 
is usually accompanied by hypertrophy, an 
increase in the size of muscle (Lamb 1984, Fox 
et al. 1988), but the extent of the hypertrophy 
is more marked in men than in women (Nygaard 
1981, Maughan 1986). However, in markedly 
pennate muscle, the force per unit area might 
reduce slightly because of the effect of a 
slight change in the angle of pennation. The 
assessment of cross sectional area is expensive 
and potentially hazardous. Ultra sonic 
techniques have been employed (Ikai and Fukunaga 
1968) but the clearest images are gained by 
computer assisted tomography (CAT) from scans. 
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This procedure exposes the subject to ionising 
radiation although by the use of image 
enhancement, the actual dose can be minimised. 
The technique has been used to assess leg 
volumes (McCartney et al. 1983d). 
On a micro level, studies have related the cross 
sectional area of type 11 fibres as a proportion 
of the overall content and the results have 
suggested that peak power output during WAnT is 
negatively related to this measure in women, and 
posi ti vely related in men (Tesch 1980, Jacobs 
and Tesch 1981, Karlsson et al. 1981). The 
mechanisms which underpin this difference are 
unclear. 
The influence of differences in activity history on the 
mechanisms outlined in sections 2.5.1, 2.5.2 and 2.5.3 
has been demonstrated (Nygaard and Hede 1987, Birke and 
Vines 1987). The higher relative volume of type I 
muscle fibres in women's skeletal muscle may reflect a 
predominance of specific types of muscular activity. 
For example, Brooke and Engel (1969) investigated the 
size of muscle fibres in m. biceps brachii of mothers 
of children who were severely disabled with Duchenne 
muscular dystrophy. Type 11 fibres were larger than 
type I but his was not the case in other women. It was 
suggested that this was because these mothers had to 
lift their children so often. Activity patterns in 
boys and girls have been investigated. Engstr8m (1975) 
demonstrated that whereas boys tended to pursue 
vigorous and competitive activities, girls gave a high 
priori ty to recreational acti vi ties such as walking, 
light bicycling and dancing. In a longitidinal study 
into the participation in sport activities by boys and 
girls from the age of 14 17, Ilmarinen and 
Rutenfrantz (1980) reported that boys participated four 
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times as long girls. Studies have also investigated 
heart rates during the day (Gilliam et al. 1981, Spady 
1980, Verschuur et al. 1983) and the results have 
consistently demonstrated higher mean levels and more 
bursts of intense activity in boys. 
Clearly, if comparisons between the maximal exercise 
performance of men and women 
physiological, neurophysiological 
of human movement have to be 
are to be meaningful, 
and biomechanical aspects 
considered carefully (Komi 
1984a), in 'addition to the social and cultural factors. 
Three basic requirements have to be met. First, exercise 
protocols have to be chosen carefully to ensure that they 
satisfy the aims of investigations. The aim of this thesis 
is to compare maximal exercise in the sexes and cycle 
ergometry is an appropriate exercise model. The upper body 
is supported so the exercising segments, the legs, can be 
scrutinised more sensi ti vely. Attempts to satisfy muscle 
force velocity relationships using inexpensive equipment 
appear to have been successful although there are still 
doubts about the completeness of the measures. For 
comparative purposes however, they are probably acceptable. 
Second, if the assessment of the performance is 
satisfactory, the next issue is concerned with the way in 
which data are presented. Some index of leg size is 
appropriate but cross sectional or volume measures can be 
expensive and potentially hazardous. Maughan et al. (1983) 
used CAT to determine lean thigh area. They found that this 
index was lineariy related to the strength of the quadriceps 
in men and women. The anthropometric technique of Jones and 
Pearson (1969) can be used to determine the volumes of the 
leg and its lean constituents and cross sectional areas at 
standardised anatomical landmarks. These measures can be 
made inexpensively, accurately and reliably and the 
technique has been used in a number of studies. Hamley and 
Watson (1969) demonstrated a linear relationship between 
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lean leg volume, LLV, and \T02 max in young, active women. 
Winter and Hamley (1976) demonstrated a linear relationship 
between LLV and \T02 at submaximal running speeds in trained 
runners. It is tempting simply to divide "performance" by 
an anthropometric variable and so secure a ratio standard 
which can be used as a performance index for the purposes of 
comparison. Tanner (1949) pointed out the fallacy of this 
approach and suggested that the regression standard. for a 
particular population was more meaningful and that. if groups 
were to be compared, the comparisons should be between the 
regression lines in questicn. 
Third, as observed differences in physiological aspects 
betw('en the sexes may be due to differences in activity 
pa~terns, care should be taken to ensure that subjects are 
drawn from populations whose lifestyle is at least similar. 
page 69 
CHAPTER 3 
SUBJECTS AND METHODS 
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3. 1 SUBJECTS 
Throughout the study, subjects were drawn from two main 
populations. Firstly, from undergraduate students who 
were following courses in either physical education or 
sports studies at Bedford College of Higher Education 
and secondly, from local sportspeople. Because of the 
strenuous nature of the exercise tests it was important 
that young and active subjects were recruited. Even 
so, subjects still underwent an initial pre screening 
procedure to confirm their suitability for inclusion. 
All the subjects provided written informed consent, 
which followed the guidelines suggested by the American 
College of Sports Medicine, and were enthusiastic to 
participate. In addition, they were fully accustomed 
to the experimental procedures prior to measuring 
sessions. For the exercise tests, this meant that the 
subjects had at least one trial attempt before any 
measurements were used. 
3. 2 ANTHROPOMETRY 
Anthropometry was conducted in accordance with the 
guidelines stated in Weiner and Lourie (1981). To 
allow the appropriate measures to be made, the 
subjects wore a pair of shorts and either a vest or "T" 
shirt. In addition, all the measuring sessions were 
conducted in the presence of at least one assistant, 
who also recorded, in an attempt to prevent any 
perceived impropriety that the subject might have had. 
page 71 
3.2.1 AGE 
The age of the subject was recorded to the 
nearest 0'1 y by subtracting the decimal year of 
the subject's date of birth from the decimal 
year of the day of the test. 
3.2.2 STATURE 
Stature was measured to the nearest millimetre 
with a Holtain digital reading Stadiometer. The 
subject stood with their back to the apparatus 
such that their heels, buttocks and shoulders 
were in contact with the vertical surface of the 
device. If possible, the medial malleoli were 
in contact and the subject stood erect. The 
head was held in a standardised position such 
that an imaginary line from the upper margin of 
the external auditory meatus to the lower border 
of the left orbit was perpendicular to the 
Stadiometer. The subject was stretched to full 
height using the experimenter's hands to apply 
gentle traction under the base of the subject's 
skull and angle of the mandible. This procedure 
minimised the circadian variation which 
otherwise may be considerable. (See Appendix 1 
page 220 for the calibration procedure.) 
3.2.3 BODY MASS 
Body mass was measured to the nearest 0'05 kg on 
either a Herbert and Sons or Marsdens beam 
balance instrument. (See Appendix 1 page 220 
for the calibration procedure.) 
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3.2.4 SITTING HEIGHT 
Sitting height was measured to the nearest 
millimetre using a Harpenden digital reading 
anthropometer. The subject adopted a sitting 
position with his feet positioned in a way which 
ensured that the thighs were not in contact with 
the surface that the subject was sitting on. 
Care was taken to ensure that the sacrum was 
touching the vertical 
and that their palms 
base of the anthropometer 
were placed pronated on 
applied as in 3.2.2 
taken to be the 
their thighs. Traction was 
and subischial height was 
difference between stature and sitting height. 
(See Appendix 1 page 220 for the calibration 
procedure. ) 
3.2.5 LEG VOLUME 
The total, lean and upper lean volumes of the 
left leg were determined by the method developed 
by Jones and Pearson (1969). The subjects stood 
erect with their feet shoulder width apart and a 
horizontal line was drawn with a felt tip pen at 
the following seven levels: 
- the gluteal furrow 
- 1/3 of the subischial height measured 
upwards from the tibio femoral joint 
space 
the minimum circumference above the knee 
- the circumference at the knee joint 
space 
the minimum circumference below the knee 
the maximum calf circumference 
the minimum ankle circumference 
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The circumferences were measured using a 
flexible steel tape. Care was taken to ensure 
that the tape was horizontal although in some 
instances when the minimum circumference below 
the knee was being assessed, this was not 
possible. In addition, care was taken to ensure 
that the tape did not deform the underlying skin 
and that in the case of the gluteal furrow 
measurement, the subject pulled their shorts 
away from the inside of the leg to ensure that 
they were not caught below the tape. 
The height from the ground of each level was 
measured using a Harpenden digital reading 
anthropometer. The anthropometer was anchored 
in a brass stand on a purpose built board which 
was placed on a table to allow measurement to be 
conducted at a convenient height. Consequently, 
the perpendicular distance between successive 
planes of circumference along 
the segment was calculated 
subtraction. 
the long axis of 
by appropriate 
Taking care to ensure that the underlying 
musculature was completely relaxed, four 
skinfold thickness were measured at the 
following sites using Hol tain skinfold calipers 
(see Appendix 1 page 220 for the calibration 
procedures): 
Anterior thigh, in the mid line at the 1/3 
subischial level. 
Posterior thigh again at the 1/3 subischial 
level. 
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Medial calf, which was measured at the 
maximum cal f circumference level. The 
skin fold was picked up in a line from the 
medial malleolus and the medial condyle of 
the tibia. 
Lateral calf which was measured under the 
same conditions as for the medial site but 
for this thickness, the skinfold was picked 
up in a line from the lateral malleolus to 
the head of the fibula. 
For all measurements, the skin and subcutaneous 
tissue were picked up between the thumb and 
forefinger of the left hand and pinched clean 
away from the underlying musculature. The fold 
was held firmly between the fingers and the 
measurement was taken two seconds after the 
application of the calipers. 
applied to the fold about 
The calipers were 
1 cm below the 
fingers. Three readings were taken and the mean 
of the closest two was recorded. 
The calipers pick up a double layer of skinfold 
tissue, but the measure can be converted to a 
fat thickness on the diameter of the appropriate 
circumference plane. Jones (1970) found that 
for each site, there was a linear relationship 
between roentgenogrammetric fat thicknesses and 
caliper fat thicknesses. Consequently, by using 
regression equations applicable to the age and 
sex of the subject (see Appendix 2 pages 224 to 
225), the Harpenden skinfold caliper reading at 
each site was converted to a linear measure. 
The volume V, of each of the six truncated cones 
was calculated by using the following formula: 
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v = 1/3 h (a + {ab + b) 
where: 
h is the height of the cone, and 
a and b are the areas of the upper and 
lower surfaces of the cone. 
3.2.6 LEAN LEG VOLUME 
To calculate the muscle plus bone volume of the 
left leg, the corrected caliper readings for the 
anterior and posterior thigh were summed and 
subtracted from the diameters at the gluteal 
furrow, the 1/3 subischial, the minimum 
circumference above the knee and the knee joint 
space. 
The medial and lateral calf transformations were 
summed and subtracted from the diameters of 
the minimum circumference below the knee, the 
maximum calf circumference and the minimum ankle 
circumference. 
The inner cone volumes were then calculated and 
summed to provide the lean leg volume. Appendix 
3 pages 226 to 234 contains a I isting of the. 
computer program which was used to carry out the 
calculations and an example of the printout. 
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3. 3 EXERCISE TESTS 
3.3.1 EXTERNAL PEAK POWER OUTPUT 
External peak power output on a friction belt 
(Monark type 864) cycle ergometer (see Plate 3.1 
page 77) was calculated by 
modification of the procedure 
Nakamura et al. (1985). 
means of a 
proposed by 
In their original protocol, each revolution of 
the flywheel was detected by a microswi tch and 
the signal from this detector was recorded on 
magnetic tape for subsequent analysis. In this 
modification, movements of the left pedal crank 
were detected by means of a suitably mounted 
opto switch housed in the chain guard (see Plate 
3.2 page 78) and data were stored on computer 
discs. 
Figure 3.1 page 79 illustrates schematically the 
data handling procedure. The output from the 
opto switch was enhanced by a Schmitt 
trigger/mono stable to produce a square wave 
form. The 3D analogue to digital converter 
(ADC) transposed analogue signals to digital 
form and the leading edge of the square wave 
produced a more abrupt change in the numerical 
values that the ADC generated. The analytical 
program in the computer could identify this 
change more eas ily. The ADC sampled at 500 Hz 
and signals were carried to a Commodore 4032 
microcomputer for storage. 
The exercise protocol is illustrated in Figure 
3.2 page 80. 
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Plate 3. 1 The general arrangement of the exercise testing 
equipment. 
• / 
--
Plate 3. 2 The opto switch which was used to 
successive passages of the left pedal crank. 
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detect 
page 79 
~ Schmitt trigger I 
detector Monostable 
~ 
~ 
Printer (j-- CBM 
-C ADC computer 
) 
Disc drive 
Figure 3. 1 A schematic of the procedures which were used 
during data capture and analysis in the exercise tests. 
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Key: 
1 
10 
D 
I 
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2 3 4 
15 20 25 30 
- Warm up 
Rest 
- Exercise bout 
- Warm down 
Figure 3. 2 A schematic of the protocol which was used to 
assess optimisedpeak power output. 
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The subject had a 5 min warm up which consisted 
of cycling at an exercise intensity of 100 W 
followed by a 5 min rest period. During the 
rest period, the subject then transferred to the 
test machine and the seat height was adjusted 
for comfort (Hamley and Thomas 1967, Nordeen-
Snyder 1977). Normally, adjustment was complete 
when the knee was slightly flexed at full 
extension. 
The subject then performed four bouts of "all 
out" exercise against a series of randomly 
assigned loads. Each bout lasted 8 s and the 
loads fell within the range 20 N - 80 N. They 
were designed to produce pedalling rates which 
varied from approximately 90 - 200 rpm and were 
determined subjectively (see Appendix 1 page 221 
for the calibration procedures 1. An inspection 
window was inserted in the housing on the front 
of . the ergometer (see Plate 3.3 page 82). 
Consequently, the mechanism which controlled the 
application of the braking force was visible and 
its correct operation could be verified. 
The exercise bouts were preceeded by a "rolling 
start" which involved cycling at approximately 
50 rpm against zero belt tension. Upon the 
command "Go!", the subject began to pedal "flat 
out" and simultaneously the load was applied 
abruptly. Peak pedalling rate was determined 
from data generated by the left crank passing 
the opto switch. Preliminary investigations 
suggested that 8 s was long enough to allow peak 
pedalling rate to occur. 
Care was taken to ensure that the subject's feet 
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Plate 3. 3 The inspection window on the cycle ergometer. 
page 83 
were firmly secured in the toe clips (La Voie et 
al. 1984) and that they remained seated 
throughout the exercise bout. 
After each bout, the subject pedalled at an 
intensi ty of 25 W for 1 min and then had 4 min 
rest. The cycling was designed to assist the 
clearance of accumulated 
while the rest period 
recovery. In addition, 
the data generated to be 
intra muscular lactate 
provided some further 
this allowed time for 
stored on disc which in 
turn meant that the analyses could be carried 
out on a separate occasion. The programs which 
were used for data collection and analyses are 
listed in Appendix 3 pages 234 to 245 which also 
includes an example of the accompanying print 
out. 
Nakamura et al. (1985) suggested that for the 
purposes of calculating peak power output, three 
loads were sufficient. The integrity of the 
calculation depends upon the linearity of the 
relationship between peak pedalling rate and 
applied load. Pilot studies indicated that 
occasionally, rogue points arose and that with 
only three points, it was difficult to judge 
whether the data were sound. With four, this 
was not the case, as one point could be dropped 
and there was still adequate information for 
processing. In most instances four pairs were 
usable but occasionally one was deleted. In all 
instances, at least three pairs of data were 
used. 
opp for one complete cycle of activity, i.e. the 
highest value of mean power output for one 
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complete pedal 
addition, the 
corresponding 
determined. 
revolution, was calculated. 
optimum load (OL) and the 
to OPP (ORPM) were 
3.3.2 WINGATE ANAEROBIC TEST, WAnT 
In 
rpm 
also 
The protocol adopted for this test differed 
slightly from the original WAnT and in addition, 
the data handling procedure was slightly 
different from the one adopted 
determination of peak power output. 
for the 
Three features were identical to those used in 
the determination of OPP: 
- the warm up procedure 
- the adjustment of the height of the seat 
- the start and load application procedure. 
However, during this test, the subject pedalled 
"flat out" for 30 s against a load (WL) which 
was in the ratio 0.075:1 with body weight. 
Movemjnts of the left pedal crank were detected 
by the opto switch system described in section 
3.3.1 pages 76 and 78 but in this procedure, 
signals from the Schmitt trigger were fed into 
the user port of the computer and subjected to 
a smoothing routine. The number of pedal 
revolutions during the test was counted from the 
first pass of the left crank over the opto 
switch after the application of the load, to the 
next passage of the crank after a 30 s interval. 
The work done and hence the mean power output, 
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WMP, was calculated in the conventional way for 
friction braked ergometers. 
The results were produced immediately and the 
program with an accompanying print out is 
illustrated in Appendix 3 pages 246 to 250. 
The same ergometer was used in all of the 
exercise tests. 
3. 4 BLOOD LACTATE, HLa 
Post Wingate blood lactate levels (HLa) were 
determined using the fluorimetric method described by 
Maughan (1982). Finger prick samples were drawn 7·5 
min post exercise (Gass et al. 1981, Fujitsuka et al. 
1982) and introduced in duplicate into either 20 or 25 
pI glass capillary tubes. The contents were 
deproteinised immediately in a micro centrifuge tube 
containing a volume of 0·4 mol·I- 1 perchloric acid 
which diluted the whole blood 1: 10. Samples were then 
centrifuged for I minat 12000 g in a microcentrifuge 
(Eppendorf 5413) and stored at - 20 QC for subsequent 
analysis. 
The supernatant from each micro centrifuge tube was 
analysed in duplicate using a four point calibration 
curve based on analyses which were also in duplicate •. 
The curve was determined by means of linear regression. 
The highest and lowest value of the four readings were 
discarded and the mean of the remaning two was taken to 
be the blood lactate level. Consequently, the value of 
lactate for each finger prick droplet was based on four 
assays. Appendix 1 pages 221 to 223 contains the 
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calibration procedure and an example of the calculation 
of blood lactate. 
To reduce the risk of cross infection a strict code of 
practice was employed (Hale et al. 1988) and this is 
illustrated in Appendix 5 pages 256 to 257. 
3. 5 MUSCLE ELASTICITY 
Muscle elasticity was determined using a novel 
procedure based on the method developed by Viitasalo et 
al. (1980). Total reaction time (TRT ) subdivided into 
premotor time (EMGT) and motor time (EMD) was assessed 
(Weiss 1965). EMD was further partitioned into force 
development time (FT) and time to charge the elastic 
tissue in muscle (CT). 
The general arrangement of the equipment used in this 
study is illustrated in Plate 3.4 page 87. The subject 
sat on a wooden chair to prevent the accumulation of 
static electrical charge with the preferred leg 
positioned in such a way that the ball of the foot was 
positioned on a force platform (Kistler 9281A) and the 
heel rested on a pressure pad (RS Components). Surface 
electrodes (10 mm diameter) were placed 3 - 4 cm apart 
over the lateral surface of m. soleus which had been 
identified by inspection and palpation. M. soleus was 
chosen because it is a one joint muscle and differences 
attributable to joint laxity were minimised. The 
muscle is involved during cycling in the latter phases 
of leg and foot extension (Faria and Cavanagh 1978). A 
reference electrode was positioned over the lateral 
epicondyle of the femur (see Plate 3.5 page 88). The 
skin was shaved with a disposable razor and then rubbed 
vigorously with alcohol to reduce inter electrode 
resistance. 
---------------------------------------------
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Plate 3. 4 The general arrangement of the equipment used to 
determine muscle elasticity characteristics. 1 Pressure 
pad, 2 Force platform, 3 Process timer, 4 and 5 Timers, 
6 Storage oscilloscope, 7 Y - t plotter, 8 Headphones. 
Plate 3. 5 The position of the electrodes. 
indicates the lateral surface of m.soleus. 
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The white line 
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Upon receipt of an auditory signal supplied through 
headphones, the subject plantar flexed the foot as 
quickly as possible. After a warning, the signal was 
administered at random within 1 - 4 s. Care was taken 
to ensure that the subject was not exposed to any 
distractions which might have affected their 
performance. In addition to the subject, only two 
experimenters were in the laboratory during this study. 
Figure 3.3 page 90 illustrates the data capture and 
handling procedures. Electromyographic activity (EMG) 
was detected by the electrodes and amplified by a wide 
band, differential input, 
readings were amplified 
AC coupled amplifier. 
by charge amplifiers 
Force 
(5007). 
EMG and force platform signals were recorded on a 
digital storage oscilloscope (Gould OS 4100) which 
sampled at 2·5 kHz. A suitable delay (40 - 100 ms) was 
introduced for each subject to ensure that recordings 
were displayed on the oscilloscope. 
The output on the screen was transferred to a Y - t pen 
recorder (J-J Lloyd CR552) for subsequent analysis. A 
separate timer (Electronic Developments EDl) was used 
to record the time interval from the presentation of 
the auditory signal to movement of the heel away from 
the pressure pad. A process timer . (Electronic 
Developments EDI0l controlled the administration of the 
stimulus and synchronised the timing equipment. See 
Appendix 1 page 223 for the calibration procedures. 
Five characteristics were measured: 
1 Total reaction time (TRT) defined as the time 
interval from the application of the 
stimulus to movement of the heel away 
pressure pad. 
auditory 
from the 
Force 
Platform 
Amplifier 
IForce Platformr-
Lampl ~ 
r--!'ad Switch Inter-
face 
~ '\ 
I 
--,f- 7 Stop 
Resistance 
Measure 
Subject Movement 
r-- Timer 
HDelayl 
'-- Tl T2 
~""I Slop 
Head uzzf-- 0 0 
Phones Delay Tngger 
~ 
Push 
Button 
I Oscilloscope Trigger 
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Oscilloscope 
y/T 
Recorder 
Figure 3. 3 A sch~matic of the procedures which were used 
to assess muscle elasticity characteristics. 
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2 Pre motor time (EMGT) defined as the time 
interval from the application of the stimulus to 
the change in electrical activity in m. soleus. 
3 Electromechanical delay (EMD) defined as the time 
interval from the change in electrical activity 
in m.soleus to movement of the heel away from the 
pressure pad. 
4 Force time (FT) defined as the time interval from 
the change in electrical 
registration of force. 
activity to the 
5 Elastic charge time (CT) defined as the time 
interval between the registration of force and 
movement of the heel away from the pressure pad. 
Subjects performed 10 trials and in most cases the mean 
of 10 readings was used to determine TRT, EMGT, EMD, FT 
and CT. 
3. 6 REPRODUCIBILITY STUDIES 
of 
the 
The first part 
reproducibility of 
assessment has been 
(Johnson coefficient r, 
the study assessed the 
measures. Traditionally, this 
based on the reliability 
and Nelson 1987) which is 
simply Pearson's product moment correlation coefficient 
(Cohen and· Holiday 1985) and is calculated from the 
results of tests undertaken on two separate occasions. 
However, the value of r is sensi ti ve to the range of 
values under scrutiny (Clarkson et a1. 1980, Sale and 
Norman 1982). Furthermore, systematic differences 
between groups may occur and these are not necessarily 
indicated by a high value of r. For instance, 1,2,3,4 
correlates perfectly with 5,6,7,8 but the mean of each 
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of the the two groups is of course, distinctly 
different and the measures are not reproducible. 
One way to check for such systematic change is to carry 
out Student's t test for correlated data (Cohen and 
Holiday 1985) and to eliminate the possibility of a 
learning effect, ensure that the subjects are well 
practiced at the procedures before measurements are 
taken. 
Another possibility is to assess the coefficient of 
variation, V %, of test-retest measures (Sale and 
Norman 1982) and this technique has been used in a 
number of studies (Thorstensson 1976, Essen 1978, Tesch 
1980, Jacobs 1981). It has the advantage of offering a 
proportion which is easier to understand and provides a 
clearer indication of the extent to which measures 
differ. In addition, it provides a less ambiguous 
assessment of actual reproducibility. 
Method Error, ME, is calculated: 
First, 
ME = ~(D - D )2 
2(N - 1 ) 
= SDI ..[2 
where: 
D is the test-
retest difference 
D is the mean 
difference 
SD is the standard 
deviation of the 
difference 
and 
V % = ME x 100 
(Xl + X2 ) 12 
the 
.1.- . 
where: 
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Xl and Xz are the 
means of each group 
The reproducibility of the measures taken during the 
anthropometry, the exercise tests, post WAnT HLa 
determinations and muscle elasticity assessments was 
evaluated using a common test retest pattern. In 
nearly all cases, ten men and ten women were measured 
on separate occasions. The only exceptions to these 
numbers were for the WAnT and post WAnT HLa measures 
when the numbers were nine men and eleven women, and 
the assessments of muscle elasticity when the numbers 
were eight men and eight women. In an attempt to 
reduce the effect of variations in performance which 
are attributable to circadian or other similar factors 
(Reilly 1987), considerable care was taken to ensure 
that measuring sessions were held exactly 168 hr apart. 
To prevent ambiguity, r, t and V were calculated. 
3.6.1 ANTHROPOMETRY 
Details of the subjects are illustrated in Table 
3.1 page 94 and Appendix 4 page 252 contains 
the appropriate informed consent form. 
, , 
:'\ 
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Table 3.1 Details of the subjects in the 
anthropometry reproducibility trials. 
Men, n = 10 Women, n = 10 
Mean SD Mean SD 
Age (y) 21'1 2'4 20·2 1·3 
Height (cm) 179·0 6·2 166·6 4·6 
Body mass (kg) 74·3 4·2 58·4 5·1 
3.6.2 EXERCISE TESTS 
Details of the subjects in the opp 
reproducibility trials are illustrated in Table 
3.2 and those in the WAnT trials are illustrated 
in Table 3.3 page 95. Appendix 4 pages 252 and 
253 contains the appropriate informed consent 
forms. 
Table 3.2 Details of the subjects in the OPP 
reproducibility trials. 
Men, n = 10 Women, n = 10 
Mean SD Mean SD 
Age (y) 21·5 1'4 21·8 0·6 
Height (cm) 179·7 5·1 165·9 7·2 
Body mass (kg) 75·5 6·3 61·6 8·9 
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Table 3.3 Details of the subjects in the WAnT 
reproducibility trials. 
Men, n = 9 Women, n = 11 
Mean SD Mean SD 
Age (y) 21·0 1'6 19·8 1·2 
Height (cm) 182·8 9·5 169·4 7·4 
Body mass (kg) 76·3 8·7 65·5 8·9 
3.6.3 POST WAnT HLa 
Details of the subjects are illustrated in Table 
3.4. Appendix 4 page 253 contains the 
appropriate informed consent form. 
Table 3.4 Details of the subjects in the post 
WAnT HLa levels reproducibility trials. 
Men, n = 9 Women, n = 11 
Mean SD Mean SD 
Age (y) 21·0 1'6 19·8 1·2 
Height (cm) 182·8 9·5 169·4 7·4 
Body mass (kg) 76·3 8·7 65·5 8·9 
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3.6.4 MUSCLE ELASTICITY 
Details of the subjects are illustrated in Table 
3.5. Appendix 4 page 255 contains the 
appropriate informed consent form. 
Table 3.5 Details of the subjects in the muscle 
elasticity reproducibility trials. 
Men, n = 8 Women, n = 8 
Mean SD Mean SD 
Age (y) 21-3 1-5 21-1 1-5 
Height (cm) 178-6 6-9 164-2 4-4 
Body mass (kg) 72-2 7-9 59-2 7-3 
After the reproducibility of the measures had been 
assessed, the research questions outlined in the 
introduction 
investigations 
were 
fell 
explored. 
into two 
The 
broad 
associated 
categories. 
Firstly, technical studies in which the integrity of 
measures could be scrutinised and secondly, comparisons 
in the performance capabilities of men and women. 
3. 7 OPTIMISED AND WINGATE DERIVED PEAK POWER OUTPUT 
The purpose,of this study was to compare the peak power 
output value derived from WL (WPP) with OPP. Twenty 
men and thirty five women whose details are illustrated 
in Table 3.6 page 97 were recruited to the study. 
Appendix 4 pages 252 and 254 contains the appropriate 
informed consent forms. 
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Table 3.6 
optimised and 
output study. 
Details 
Wingate 
of the 
load 
subjects in the 
deri ved peak power 
Men, n = 20 Women, n = 35 
Mean SD Mean SD 
Age (y) 22·2 2·7 21·3 1·2 
Height (cm) 179·9 4·9 165·9 5·9 
Body mass (kg) 76·8 5·9 59·2 8·2 
By making such a comparison, the extent to which WL 
fails to satisfy muscle force velocity relationships 
could be assessed. 
The nature of the Nakamura et al. (1985) protocol 
allows the comparison to be made in one test procedure 
because one of the four assigned loads which are used 
to establish 
Consequently 
the pedal rpm/load 
WPP, the peak 
relationship can be WL. 
power output value 
corresponding to WL, can be compared with OPP without 
having to carry out two measuring sessions. This 
avoids the risk of introducing potentially influential 
variables in a test retest design which could be 
difficult to control. In addition, the calculated ORPM 
and OL corresponding to OPP were compared with their 
equivalent Wingate derived values i.e. WRPM and WL. 
Differences between opp and WPP, ORPM and WRPM and OL 
and WL were assessed using Student's t test for 
correlated data and the relationship between the power 
output values expressed absolutely and in ratio with 
body mass was explored using Pearson's product moment 
correlation coefficient and linear regression analyses. 
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3. 8 THE RELATIONSHIP BETWEEN OPP AND WAnT PERFORMANCE 
OPP and WAnT are measures of short duration maximal 
exercise but the extent to which they reflect the same 
aspects of performance is unclear. The purpose of this 
study was to seek such clarification and compare mean 
power output for WAnT (WMP) with DPP. 
and twenty eight women whose details 
Eighteen men 
are illustrated 
in Table 3.7 were recruited to the study. Appendix 4 
page 253 
form. 
contains the appropriate informed consent 
'" 
Table 3.7 Details of the subjects in the 
comparison between DPP and WMP. 
Men, n = 18 Women, n = 28 
Mean SD Mean SD 
Age (y) 22·4 2·7 21·3 0·9 
Height (cm) 179·7 4·9 166·1 6·1 
Body mass (kg) 77·0 6·2 59·1 8·3 
The subjects reported to the laboratory on two separate 
occasions. On the first visit they performed OP and on 
the second WAnT. In an attempt to minimise the effects 
of circadian or other similarly induced variations in 
performance, the tests were performed exactly 168 hr 
apart. Student's t test for correlated data was used 
to compare a) DPP and WMP and b) the measures in ratio 
wi th body mass, DPP· kg-l and. WMP·kg- 1 • Pearson's 
coefficient and linear regression analyses were used to 
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examine the 
variables. 
relationship between these pairs of 
3. 9 OPP RELATED TO ANTHROPOMETRIC INDICES OF THE LOWER LIMB 
The purpose of this study was to compare OPP in a group 
of twenty men and thirty five women whose details are 
illustrated in Table 3.8. Appendix 4 pages 252 and 254 
contains the appropriate informed consent forms. 
Table 3.8 Details of the subjects in the 
comparison between OPP in men and women . 
Men, n = 20 Women, n = 35 
Mean SD Mean SD 
Age (y) 22·2 2·7 21·3 1·2 ns 
Height (cm) 179·9 4·9 165·9 5·9* * * * 
Body mass (kg) 76·8 5'9 59·2 8.2* * III * 
*.** significant (p < 0'001) 
ns not significant (p > 0'05) 
For the men and women, OPP was expressed absolutely and 
in ratio with body mass, lean leg volume, upper lean 
leg volume and lean thigh area. The measures were 
compared using appropriate 
models of Student's t test 
pooled or separate variance 
for uncorrelated data. The 
normality of the distribution of the dependent variable 
OPP and the log of OPP (Tanner 1949) was assessed (Ryan 
et al. 1976). The suitability of the raw opp data was 
confirmed. The nature of the relationships between the 
measures was explored using a polynomial curve fitting 
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procedure (Clarke et al. 1987) and this suggested that 
Pearson's coefficient and linear regression analyses 
were appropriate. The relationships between the 
measures in the men and women were then compared using 
analyses of covariance (Snedecor and Cochran 1980). 
3.10 WAnT PERFORMANCE RELATED TO ANTHROPOMETRIC INDICES OF 
THE LOWER LIMB 
The purpose of this study was to compare WMP in a group 
of eighteen men and twenty eight women whose details 
are illustrated in Table 3.9. Appendix 4 page 254· 
contains the appropriate informed consent form. 
Table 3.9 
comparison 
performance. 
Details 
between 
Men, 
of 
men 
n = 
the 
and 
18 
Mean SD 
Age (y) 22·4 2'7 
Height (cm) 179·7 4·9 
Body mass (kg) 77'0 6'2 
**** significant (p < 0'001) 
ns not significant (p > 0·05) 
subjects in 
women of 
the 
WAnT 
Women, n = 28 
Mean SD 
21·3 0·9 ns 
166'1 6'1**** 
59·1 8-3**** 
Mean power output was expressed in the same ways as 
those in section 3.9 and the statistical analyses were 
also the same. 
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3.11 BLOOD LACTATE VALUES AFTER WAnT 
The purpose of this study was to compare blood lactate 
values after the WAnT in a group of nine men and 
eleven women whose details are illustrated in Table 
3.10. Appendix 4 page 253 contains the appropriate 
informed consent form. 
Table 3.10 Details of 
comparison between post 
levels in men and women. 
the subjects 
WAnT blood 
Men, n = 9 Women, n 
Mean SD Mean 
Age (y) 21.0 1.6 19.8 
Height (cm) 182'8 9·5 169·4 
Body mass (kg) 76·3 8·7 65·5 
"" significant (p < 0·01 " p < 0'05) 
ns not significant (p> 0'05) 
in the 
lactate 
= 11 
SD 
1.2 ns 
7·4* " 
8·9" 
Accordingly, the physiological consequences of maximal 
exercise can be compared. Finger prick blood samples 
were drawn seven and a half minutes after exercise and 
were analysed for blood lactate content usi.ng the 
procedures given in section 3.4 pages 85 to 86. The 
values of blood lactate in men and women were compared 
using appropriate pooled or separate variance models of 
Student's t test for uncorrelated data. 
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3.12 MUSCLE ELASTICITY RELATED TO OPTIMISED PEDALLING RATE 
IN MEN AND WOMEN 
The purpose of this study was two fold: 1) To compare 
muscle elasticity in men and women and 2 ) To 
investigate whether or not there was a relationship 
between muscle elasticity and optimised pedalling rate. 
Details of the subjects are illustrated in table 3.11. 
Appendix 4 page 255 contains the appropriate informed 
consent form. 
Table 3.11 Details of the subjects in the 
comparison between muscle elasticity in men and 
women. 
Men, n = 10 Women, n = 7 
Mean SD Mean SD 
Age (y) 22·1 2·5 21·0 1·5 ns 
Height (cm) 175'5 6·4 166·9 7·0' 
Body Mass (kg) 73·8 8'1 63·2 8· l' 
* significant (p < 0·5) 
ns not significant (p > 0·05) 
The values in men and women of TRT, EMGT, EMD, FT and 
CT were compared using appropriate pooled or separate 
variance models of Student's t test for uncorrelated 
data. The relationship between ORPM and EMD and CT in 
men and women was explored using Pearson's coefficient 
and linear regression. The normality of the 
distribution of ORPM and the nature of the relationship 
between measures was explored as in 3.9 and 3.10 pages 
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99 and 100 respectively as was the comparison of the 
relationships in men and women. 
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CHAPTER 4 
RESULTS 
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The summarised data are presented, raw data are contained 
in appendices which are indicated in the appropriate 
section. 
4. 1 REPRODUCIBILITY 3TUDIES 
4.1.1 ANTHROPOMETRY 
The results are illustrated in Table 4.1 page 
106 for men and Table 4.2 page 108 for women. 
The raw data are contained in Appendix 6 pages 
258 to 282. 
The characteristics of the subjects are 
unexceptional. For instance, at 179-0 ± 6-2 cm, 
the men are only slightly taller than the 178-0 
± 8-8 cm reported by Durnin and Womersley (1974) 
for a non athletic group and the 178-9 ± 5-4 cm 
reported for middle distance runners by Boileau 
et al. (1982). They are slighter smaller than 
long distance runners whose height was reported 
by Boileau et al. (1982) to be 181-4 ± 5-3 cm. 
Interestingly they are considerably taller than 
the 171-2 ± 6-2 cm for a group of non-specialist 
physical education students reported by 
Armstrong and Walker (1982). 
Similarly, the body mass value of 74-3 ± 4-2 kg 
compares with 73-1 ± 16-1 kg for the non 
athletic group (Durnin and Womersley 1974), 
al though the present group is more homogeneous. 
The middle and long distance runners (Boileau et 
al. 1982) are lower at 68-7 ± 5-9 kg and 64-6 ± 
5-3 kg respectively. The group reported by 
Armstrong and Walker (1982) are lower still at 
64-4 ± 7-1 kg. 
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Table 4. 1 The reproducibility of the 
anthropometry in men, n = 10. (Values are mean 
± SD) 
Test Retest 
Stature (cm) 179·0 179·1 
±6·2 ±6·1 
Body mass 74·3 
(kg) ±4·2 
Sitting 94·2 
height (cm) ±2·6 
Subischial 84·8 
height (cm) ±5·9 
Gluteal Furrow 82·3 
height (cm) ±3·7 
Subisch height/ 47·3 
stature (%) ±1·9 
74·6 
±4·0 
94·0 
±2·6 
85·1 
±6·1 
82·2 
±3·5 
47·4 
±2·0 
r t V % 
0·998 -0·661 0·2 
0·969 -0·989 1·0 
0·975 1·301 0·5 
0·996 -1·463 0·5 
0·938 0·173 1·1 
0·989 -1·119 0·5 
Gluteal Furrow 46·0 45·9 0·826" 0·226 1·0 
height/stature ±0·9 ±1·2 
(%) 
Leg volume 9·04 8·97 0·986 1·197 1·3 
(1) ±1·02 ±0·96 
Lean leg ·7·39 7·38 0·993 0·321 1·2 
volume (1) ±0·99 ±0·92 
Lean upper 4·92 4·89 0·986 0·573 2·1 
leg volume ±0·79 ±0·73 
( 1 ) 
Leg fat (%) 18·3 17·8 0·948 0·825 6·8 
±5·4 ±5·2 
Lean thigh 203·0 202·8 0·973 0·104 2·1 
area (cm2 ) ±23·3 ±19·9 
All values of r significant (p < 0·001 except" 
p < 0·01) 
All values of t not significant (p > 0·05) 
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The total volume of the leg (without foot) , 9·04 
± 1·02 1 is similar to the 8·75 ± O' 92 1 
reported by Sargeant and Davies (1977) but 
larger than 8·25 ± 1·2 1 reported by Jones 
(1970 ) who used a mixed population in his 
original validation study These are less than 
the volume 11· 2 ± 1· 3 1 reported by Evans and 
Quinney (1981) whose value was determined by 
water displacement but they do not state clearly 
whether or not it includes the volume of the 
foot. Similarly, Katch (1974) reports a volume 
of 10·61 ± 1·47 1 without details. The 
calculated lean volume, 7·39 ± 0·99 1, is 
similar to the 7·10 ± 1·10 1 reported for 
trained runners (Winter and Hamley 1976) and the 
proportion of leg fat, 18·3 ± 5·4 %, is similar 
to the proportion 17 % reported by Jones (1970). 
At 166·6 ± 4·6 cm, the women are taller than 
163·0 ± 5·6 cm reported by Durnin and Womersley 
(1974) for a non athletic group. They are also 
taller than a group of college women from the 
Uni ted States whose height was 165·3 ± 9·7 cm 
(Slaughter et al. 1977) and a similar, though 
non-specialist group of physical education 
students, whose height was 164·8 ± 6·4 cm 
(Armstrong and Walker 1982). Interestingly, the 
mean of this group is identical to the 166· 6 ± 
6·5 cm of an equivalent group of P. E. students 
reported by (Bale 1979). 
, 
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Table 4. 2 The reproducibility of the 
anthropometry in women, n = 10. 
mean ± SD) 
(Values are 
Test Retest 
Stature (cm) 166·6 166·7 
±4·6 ±4·3 
Body mass 58·4 58·8 
(kg) ±5·1 ±5·6 
Sitting 89·6 89·9 
height (cm) ±1·8 ±2·1 
Subischial 77·1 76·9 
height (cm) ±2·7 ±3·1 
Gluteal Furrow 75·4 74·9 
height (cm) ±2·9 ±2·9 
Subisch height/ 46·2 
stature (%) ±1·2 
Gluteal Furrow 45·3 
height/stature ±1·0 
(% ) 
46·1 
±1·0 
44·9 
±1·0 
r t V % 
0·996 -0·783 0·2 
0·994 -1·699 0·9 
0·972 -1·795 0·4 
0·987 0·596 0·8 
0·960 1·958 0·8 
0·947 0·802 0·6 
0·904 2·458* 0·7 
Leg volume 
(1) 
7·48 7·48 0·914 -0·021 2·8 
±0·65 ±0·73 
Lean leg 
volume (1) 
Lean upper 
leg volume 
(I) 
Leg fat (%) 
Lean thigh 
area (cm2 ) 
.5·14 5·11 0·945 0·336 3·1 
±0·68 ±0·59 
3·34 3·31 0·927 0·533 4·4 
±0·54 ±0·45 
31·1 31·3 0·942 -0·261 6·9 
±9·1 ±8·4 
155·6 155·4 0·869* 0·078 3·7 
±16·4 ±14·7 
All values of r significant (p < 0·001 except * 
p < 0·005) 
All values of t not significant (p > 0·05 except 
* p < 0·05) 
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The body mass of this group, 58-4 ± 5-1 kg is 
similar though more homogeneous than the value 
of 57-8 ± 10-9 kg reported by Durnin· and 
Womersley (1974) for a non athletic group who 
were also of smaller stature. 
this study are also similar 
Physical Education students 
The subjects in 
to to a group of 
from the United 
States of America reported by Slaughter et al. 
(1977) whose body mass was 57-4 ± 9-0 kg and 
57 - 8 ± 5 - 0 kg reported by Armstrong and Walker 
(1982), but less than the 62-3 ± 8-0 kg reported 
by Bale (1982). 
The total volume of the leg (excluding foot), 
7-48 ± 0-65 1, is less than the volumes 
previously stated for the men and slightly less 
than the 7-80 ± 0-95 1 reported by Jones (1970). 
The proportion of leg fat, 31-1 ± 9-1 %, is less 
than the value of 40 % declared by Jones (1970). 
The relative amount of fat in men and women in 
this study is similar to the amount stated by 
Jones (1970), men have approximately half the 
proportion of leg fat possessed by women. 
The calculated lean leg volume in this study, 
5-14 ± 0-68 1, is greater than the values 4·88 ± 
0-52 1 reported by Jones (1970) for a mixed 
population and 4-27 ± 0-66 1 reported by Hamley 
and Watson (1969) for physical education 
students. 
4.1.2 EXERCISE TESTS 
The results are illustrated in Table 4.3 page 
110 for men and Table 4.4 page 111 for women. 
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The raw data are contained in Appendix 7 pages 
283 to 303. 
Table 4. 3 The reproducibility in men of OPP, n 
= 10 and WMP, n = 9. (Values are mean ± SD) 
OPP (W) 
OPP/Mass 
(W- kg- 1 ) 
ORPM 
OL (N) 
OL:Body 
weight 
Load v rpm 
(r) 
Elevation 
Slope 
WMP (W) 
WMP/Mass 
(W - kg- 1 ) 
Test Retest r t V % 
991 987 0-972 0-313 2-7 
±148 ±130 
13-09 13-03 0-908 0-347 3-2 
±1-33 ±1-05 
120-4 122-2 0-877 -1-174 2-8 
±9-6 ±6-9 
83-1 81-2 0-951 1-187 4-2 
±14-4 ±11-7 
0-112 0-109 0-895 
±0-015 ±O-Oll 
1-215 4-5 
-0-991 -0-996 
±0-010 ±0-003 
240-4 
±19-1 
244-1 
±14-0 
0-888 -1-281 2-7 
-1-498 -1-538 0-934 -0-920 6-4 
±0-360 ±0-290 
690 
±107 
9-01 
±0-53 
701 
±107 
0-994 -2-706* 1-2 
9-13 0-937 -1-936 1-5 
±0-48 
Values of r significant (p < 0-001) 
Values of t not significant (p > 0-05) except 
* (p < 0-05) 
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Table 4. 4 The reproducibility in women of OPP, 
n = 10 and WMP, n = 11. (Values are mean ± SD) 
Test Retest r t V % 
OPP (W) 646 657 0-952 -0-854 4-2 
±125 ±121 
OPP/Mass 10-44 10-57 0-771* -0-699 4-1 
(W - kg-I) ±0-94 ±0-77 
ORPM 106-4 107-2 0-956 -0 - 746 2-2 
±10-4 ±8-5 
OL(N) 61-1 61-6 0-948 -0-363 4-9 
±13-4 ±12-8 
OL:Body 0-101 0-101 0-904 -0 - 097 4-9 
weight ±0-015 ±O - 014 
Load v rpm -0-993 -0-997 
(r) ±0-010 ±0-002 
Elevation 213-2 214-7 0-956 -0-689 2-2 
±20-7 ±17-1 
Slope -1-825 -1-810 0-904 0-253 7-0 
±0-420 ±0-367 
WMP (W) 479 486 0-981 -1-495 2-2 
±74 ±76 
WMP/Mass 7-34 7-42 0-969 -1-284 2-0 
(W - kg- 1 ) ±0-82 ±0-86 
Values of r significant (p < 0- 001 ) except * 
(p < 0-05) 
All values of t not significant (p > 0-05) 
The integrity of the calculation of OPP depends 
upon the linearity of the relationship between 
load and rpm. The value of r for men, -0-993 ± 
0-010, and women, -0-997 ± 0-002, suggests that 
the required linearity had been achieved. 
Figure 4.1 page 113 illustrates the relationship 
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between the applied braking force and both peak 
pedalling rate and 
subjects. This 
,power output for one of 
example demonstrates 
the 
the 
integrity 
outlined by 
of the theoretical 
Nakamura et al. (1985). 
underpinning 
Because OP is such a novel procedure, there are 
few data with which to compare the performance 
characteristics of the subjects in this study. 
Nakamura et al. (1985) reported an absolute peak 
power output value of 930 ± 187 W for a group of 
Japanese male physical education students which 
is similar to the 991 ± 148 W demonstrated by 
the men in this study. However, when expressed 
in ratio with body mass, the value of 13·4 ± 1·6 
W·kg- 1 in the Japanese study is slightly higher 
than the 13· 1 ± 1·3 W' kg- 1 reported here. In a 
study reported by Vandewalle et al. (1985), the 
absolute value of peak power output for men was 
813 ± 137 Wand 12·4 ± 1·3 W'kg- 1 when expressed 
in ratio with body mass. 
There are no reported instances where this 
protocol has been used 
exercise performance of 
with the subjects in 
to assess the maximal 
women so comparisons 
this study are not 
possible. However, the similar protocol used by 
Vandewalle et al. (1985) yielded lower peak 
power output values in women of 594 ± 70 W, 10·3 
± 1·3 W·kg- 1 • Comparisons with the values for 
men reveal that when expressed either absolutely 
or in ratio with body mass, those of women are 
lower. 
Peak power output data are available from 
studies which have used isokinetic devices but 
the tendency has been to calculate these as the 
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Figure 4. 1 Braking force related to power output ( ... ) and 
peak pedalling rate (.) for one of the subjects. The 
calculated value of optimised" peak power output is signified 
by Il. • 
page 114 
products of force and velocity which provide 
"instantaneous" values of power output. An 
exception is Sargeant et al. (1981) who reported 
a peak power output value of 840 ± 153 W which 
was based on a mean of the instantaneous 
products of force and velocity for a complete 
pedal. revolution of activity. This was for a 
group of inactive men so it is not surprising 
that it is lower than the 991 ± 148 W recorded 
by men in this study. With this point in mind 
though, it is interesting to note the similarity 
between the declared figures from two different 
protocols. In the same way, Sargeant et al. 
(1984a) reported a "mean" peak power output of 
395 ± 89 W for adolescent boys and 446 ± 85 W 
for a group of untrained women (Sargeant and 
Boreham 1981). 
McCartney et al. (1985) reported instantaneous 
values of peak power output for women which 
ranged from 767 - 1187 W which were considerably 
more than the 646 ± 125 W demonstrated by the 
women in this study. 
Of further interest is the comparison which can 
be made between the calculated pedal rpm at 
which opp occurs in OP with equivalent values 
during isokinetic cycling. The Japanese study 
(Nakamura et al. 1985) reported 114·8 ± 4·8 rpm 
which is slightly lower than the 120·4 ± 9·6 rpm 
reported here for the men and slightly higher 
than the 106·4 ± 10·4 for the women. Somewhat 
vaguely, McCartney et al. (1985) reported that 
the rpm which accompanied peak 
during isokinetic cycling exercise 
120 and 160 rpm. Sargeant et al. 
power output 
lay between 
(1984b) were 
more precise when they reported an optimum value 
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of 111 rpm, although in this particular study, 
women with predominantly type I muscle fibres 
produced peak power output at approximately 104 
rpm. Contrastingly subjects with predominantly 
type 11 fibres had an equivalent pedalling rate 
of 119 rpm.' The adolescent boys mentioned 
previously (Sargeant et al. 1984a) produced peak 
power output at 110 rpm and untrained women at 
111 ± 8 rpm (Sargeant and Boreham 1981). Again, 
as with the power data, the optimal pedalling 
rates for the different systems are similar. 
WAnT has been used more widely and as a 
consequence there are more data available with 
which to compare WMP for the men and women in 
this study. For instance, the value for WMP in 
ratio with body mass for the men, 9·01 ± 0·53 
W·kg- 1 , is greater than values declared by 
Taunton et al. (1981) 8·34 ± 0·44 W·kg- 1 and 
8·03 ± 0·41 W·kg- 1 for middle and'long distance 
runners respectively, 8·75 ± 0·58 W·kg- 1 for an 
equivalent 
(1nbar et 
untrained 
group of physical education students 
al. 1983b) and 7·63 W· kg- 1 
al. 1986). 
for 
The men 
absolute value 
(Gilmour 
588 ± 75 
et 
W reported by Evans and 
Quinney (1981) for 
physical education 
690 ± 107 W for the 
a group of male Canadian 
students is lower than the 
men in this study. 
By way of contrast, the WMP to mass ratio for 
the men in this study is less than the 9·30 ± 
0·68 W· kg- 1 reported for high standard squash 
players (Brookes and Winter 1985), 9·08 W·kg- 1 
for elite volleyball players (Tamayo et al. 
1984) and 9·04 ± 0·75 W·kg- 1 for sprinters 
(Tharp et al. 1985). 
- ------------------------
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The WMP to body mass ratio for 
0·82 W'kg- 1 can be compared 
the women, 7·34 ± 
directly with a 
similar group of Israeli physical education 
students reported by Jacobs et al. (1982) whose 
WMP to mass ratio was 7·24 ± 0·42 W·kg- 1 • The 
absolute values were 479 ± 74 Wand 453 ± 48 W 
respectively. 
4.1.3 POST WAnT HLa 
The results are illustrated in Table 4.5 for 
men and table 4.6 for women. The raw data are 
contained in Appendix 8 pages 304 to 306. 
Table 4. 5 The 
WAnT HLa, n = 9. 
reproduci bili ty in men 
(Values are mean ± SD) 
of post 
HLa 
(mmol'l- l ) 
Test 
12·0 
±1·7 
Retest 
11' 7 
±1·5 
r significant (~ < 0'005) 
t not significant (p > 0·05) 
r t V % 
0·893 1·327 4·5 
Table 4. 6 The reproducibility in women of post 
WAnT HLa, n = 11. (Values are mean ± SD) 
Test Retest r t V % 
HLa 11·0 10·2 0·956 3·459 4·7 
(mmol·l- 1 ) ±2·4 ±2·1 
r significant (p < 0'001) 
t significant (p < 0'01) 
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The lactate data can be compared with data from 
other studies with the provisos discussed 
earlier (page 31) about the site used to sample 
the blood (Guy ton 1986) and the time interval 
between the end of exercise and the collection 
of the sample (Gass et al. 1981, Fuj i tsuka et 
al. 1982) • Taunton et al. (1981) assayed 
lactate in venepunctures drawn from antecubital 
si tes 5 min after exercise and published values 
of 8·6 ± 1·3 mmol·I- 1 and 8·0 ± 0·4 mmol·I- 1 for 
middle and long distance runners respectively. 
These are lower than the values of 12·0 ± 1· 7 
mmol·I- 1 for the.men and 11·0 ± 2·4 mmol·I- 1 for 
the women measured in this study. Similarly, 
Tamayo et al. (1984) drew venepunctures and 
declared HLa of 9' 5 mmol·I- 1 in el i te volleyball 
players 5 min after exercise. Inbar et al. 
(1983b) drew finger prick samples 4 min after 
exercise in a group of men and reported values 
of 11·3 ± O· 5 mmol·I- 1 • 
Although not directly comparable, it is 
nevertheless interesting to consider the post 
exercise HLa after self powered treadmill 
ergometry in a group of women who had undertaken 
a short period of training (Cheetham et al. 
1984). The delta value, i.e. the difference 
between post exercise and resting HLa, was 13'1 
± 1·6 mmol·l- 1 • This value is similar although 
slightly higher than the absolute post exercise 
values recorded for either the men or women in 
this study which probably reflects the greater 
muscle mass which is recruited during running. 
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4.1.4 MUSCLE ELASTICITY 
The results are illustrated in Table 4.7 for men 
and table 4.8 page 111 for women. The raw data 
are contained in Appendix 9 pages 307 to 317. 
(See pages 89 to 91 for a full explanation of 
the terms.) 
Table 4. 7 The reproducibility in men of 
measures associated with muscle elasticity, n = 
8. (Values are mean ± SD) 
Test Retest r t V % 
TRT (ms) 164.8 164.9 0.868' -0-007 6-3 
±24.1 ±12.3 
EMGT (ms) 122-8 120-1 0-888' 0-618 7-1 
±22-7 ±13-8 
EMD (ms) 41-5 44-8 -0-685 -1-332 11- 5 
±3-8 ±3-8 
FT (ms) 10-1 10-9 -0-252 -0-379 41-4 
±4-0 ±3-7 
CT (ms) 31-5 33-9 -0-609 -0-930 15-7 
±4-8 ±3-2 
• significant (p < 0- 01) other values of r not 
significant (p > 0-05) 
Values of t not significant (p > 0-05) 
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Table 4. 8 The reproduciblity 
measures associated with muscle 
8. (Values are mean ± SD) 
in women of 
elasticity. n = 
TRT (ms) 
EMGT (ms) 
EMD (ms) 
FT (ms) 
eT (ms) 
Test 
182-0 
±21-8 
137-2 
±22-6 
45-5 
±7-5 
11-4 
±4-7 
34-2 
±4-1 
Retest 
170-2 
±16-1 
131-9 
±16-4 
r t V % 
0-640 1-972 6-3 
0-715* 0-951 8-3 
39-8 0-720* 3-101* 8-6 
±5-2 
8-3 0-473 2-080 30-7 
±3-3 
31-5 -0-086 1-246 13-3 
±5-0 
* significant (p < 0-05) other values of r not 
significant (p > 0-05) 
Values of t not significant (p > 0-05) except * 
(p < 0-5) 
Figure 4.2 page 120 is an example of a recording 
from one of the subjects. Table 4.9 page 121 
illustrates data from other studies. 
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Figure 4 . 2 An exa mple o f a force and EMG trace which was 
us ed to deter mi n e mu scle elast i ci t~, c haracter istics . See 
sectio n 3.5 pages 89 to 91 for an exp l a nati on of the terms . 
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Table 4. 9 A comparison of published values for TRT and 
EMD. 
Time Interval (ms) 
Study n sex Joint Movement Stimulus TRT EMD 
Weiss 14 m Finger Concen Sound 173-9 64-6 
(1965 ) Ext 
Schmidt 30 m Finger Isomet Sound 140-3 34-5 
& Stull flex 
(1970) 
Vii tasalo 29 m Knee Isomet Sound 161-4 38 - 31 
& Komi ext 
(1981 ) 
Present 8 m Ankle Plantar Sound 164-8 41- 52 
study flex 
8 f Ankle Plantar Sound 182-0 45 - 52 
flex 
Schmidt 30 m Finger Isomet Light 231-8 39-2 
& Stull flex 
(1970) 
Kroll 11 m&f Knee Concen Light 246-0 
(1974) ext 
Cavanagh 14 m Elbow EcceOnt Light 49 - 53 
& Komi Elbow Isomet Light 53 - 93 
(1979 ) Elbow Concen Light 55-53 
Bell & 86 m&f Elbow Isomet Light 194-3 29 - 34 
Jacobs 
(1986) 
Nilsson 12 m Knee Isokin Voluntary 95 - 35 
et al. Ext 
(1977 ) 
McIlwain 7 m Ankle Plantar Reflex H 32 - 06 
& Hayes Flex 
(1977) Reflex M 25 - 46 
1 Strain gauge and goniometer 4 Transducer 
2 Pressure pad 5 Isokinetic 
3 Strain gauge 6 Goniometer 
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Comparisons have to be made cautiously for a 
number of reasons. First, TRT is dependent upon 
the the stimulus which is used to initiate 
responses. An acoustic signal produces a 
time than a light shorter total reaction 
stimulus and this is illustrated clearly in 
Table 4.9. This observation is attributable to 
differences in the time for the visual sense 
organs (the rods and cones of the ret ina) to 
detect changes in light intensity and the 
acoustic senses to respond to sound. The time 
intervals involved are 30 - 40 ms and 8 - 10 ms 
respectively (Brebner and Welford 1980). 
In addition, different methods create 
difficulties when attempts are made to compare 
results. This is illustrated in Table 4.9 where 
six different techniques have been used to 
detect the end of EMD whereas the identification 
of the start of EMD was uniform i.e. a change in 
EMG activity. The present study defined the end 
point as movement, as did McIlwain and Hayes 
(1977), Norman and Komi (1979) and Viitasalo and 
Komi (1981). This contrasts with studies which 
have used the appearance of force as the end 
point (Cavanagh and Komi 1979, Morris and 
Beaudet 1980, Bell and Jacobs 1986). In 
addition, different muscles have been 
investigated and different fibre types will, in 
turn, produce different time intervals (Lamb 
1984) . 
Vii tasalo et a1. (1980) carried out an extensive 
study on the reproducibility of selected 
neuromuscular variables and their data are 
compared with those from this study in Table 
4.10 page 123. 
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Table 4.10 A comparison of neuromuscular data 
from this study and Vii tasalo et al. (1980) • 
(Values are mean ± SDI 
Time interval (ms) 
Sex n TRT EMGT EMD 
Viitasalo m 29 162·3 124·3 38·3 
et al. (1980 ) ±30·0 ±33.4 ±9·1 
Present Study m 8 164·8 122·8 41· 5 
±24·1 ±22·7 ±3.8 
f 8 182·0 137·2 45·5 
±21·8 ±22·6 ±7.5 
The striking feature is the similarity between 
the data although those of the women are 
slightly longer than the others. M. soleus has 
a higher proportion of Type I fibres than m. 
vastus lateralis used in the study by Viitasalo 
et al. (1980) (Lamb 1984) and the EMD data are 
interestingly, c6nsistent with this feature. 
Another interesting comparison is between FT 
(the time interval between the change in EMG 
acti vi ty and the appearance of force) in this 
study and with data reported by Muro and Nagata 
(1985) whose protocol appeared to distinguish 
between appearance of force and actual movement. 
The values for FT in this study were 10·1 ± 4·0 
ms for men and 11·4 ± 4·7 ms for women. Muro 
and Nagata (1985) reported values of 11·7 ± 1·6 
ms in unstretched soleus of men and 7·0 ± 1·2 ms 
in heavily stretched muscle. 
similarities are striking. 
Again, the 
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4. 2 OPTIMISED AND WINGATE DERIVED PEAK POWER OUTPUT 
The results are illustrated in tabular form in Table 
4.11 for men and Table 4.12 page 125 for women. Figure 
4.3 page 126 illustrates the relationship between the 
absolute values and Figure 4.4 page 127 the 
relationship between the values expressed in ratio with 
body mass (both p < 0'001). The raw data are contained 
in Appendix 10 pages 318 to 325. 
Table 4.11 Optimised 
output in men, n = 20. 
and Wingate derived peak 
(Values are mean ± SD) 
Optimised Wingate r 
PP (W) 1013 883 O' 897 
±131 ±88 
Reduction (% ) 12·4 
±5·3 
PP/Mass (W' kg- 1 ) 13 ·18 11· 49 0·781 
±1·27 ±0'79 
Load (N) 86·0 56·5 0·684 
±12·4 ±4·3 
Load:Body weight 0·114 0·075 
±0'012 
rpm at pp 118·4 155'9 0·589" 
±7·7 ±10·7 
Load v rpm (r) -0,996 
±0'005 
Values of r significant (p < 0·001) except * p < 
Values of t significant (p < 0'001) 
power 
t 
9'029 
9·225 
13·216 
19'078 
0·01) 
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Table 4.12 Optimised and Wingate derived peak power 
output in women, n = 35. (Values are mean ± SD) 
Optimised Wingate r t 
pp (W) 655 587 0-905 9-220 
±103 ±90 
Reduction (%) 10-1 
±5-8 
PP/Mass (W_kg-l) 11-07 9-91 0-733 8-992 
±1-11 ±0-68 
Load (N) 63-5 43-5 0-660 14-339 
±10-9 ±6-0 
Load:Body weight 0-109 0-075 
±0-014 
rpm at PP 103-8 134-5 0-582 22-571 
±8-5 ±9-1 
Load v rpm (r) -0'996 
±0-006 
Values of r and t significant (p < 0·001) 
The results demonstrate that for the men and women, WL 
produces a peak power output which is less than the 
optimised value. The reduction in men is 12·4 ± 5-3 % 
and in women, 10-1 ± 5-8 %. 
Similarly, the power to mass ratios are also reduced,· 
Furthermore, the absolute value of OL, 86·0 ± 12·4 N, 
is greater than WL, 56·5 ± 4-4 N in men and in women 
the corresponding values are 63 - 5 ± 10·9 Nand 43·5 ± 
6·0 N. Consequently, OL to body weight ratio, 0,114:1 
± 0·012 in men and 0,109:1 ± 0·014 in women is greater 
than the 0,075:1 WL to body weight ratio. The load 
ratio for the men is similar to the value 0,113:1 ± 
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0·014 reported by Nakamu ra et al. (1985) a nd 0 · 10 2 :1 
reported b y Vande"all e et al . (1985) . The value for 
the " omen in t h is study is larger than 0 · 091:1 reported 
by Vandewalle et al. (1985) . Conversely , ORPM is less 
than IVRPM, 118·4 ± 7·7 rpm as opposed to 155·9 ± 10 ·7 
rpm in men and 103·8 ± 8·5 rpm and 134·4 ± 9 · 1 
respectively in " ome n. 
4. 3 THE RELATIONSHIP BETWEEN OPP AND WMP 
The r esults a re illustrated in Tabl e 4 .1 3 fo r men and 
Tab l e 4.14 page 131 f or women . Figure 4 . 5 page 12 9 
illustrates the relationship between the absol ute 
va lues (p < 0·001) and Figure 4.6 page 130 illustrates 
the relationship when the values are expressed in ratio 
with body mass (p < 0·01) . The r aw data are contained 
in Appendix 11 pages 326 to 330 . 
Tabl e 4.13 The relationship between OPP and IVMP in 
me n, n = 18. (Values are mean ± SD) 
Optimised Wingate r 
POI"er output (IV ) 1015 696 0·872 
±138 ±55 
Load v rpm ( r ) -0·996 
±0 ·005 
Po we r output/Mass 13·16 9·05 0·647' 
(IV· kg- 1 ) ±1·3 4 ±0 ·59 
Value of r s i gnificant (p < 0 · 001 'p < 0 · 01) 
Values of t significant (p < 0·001) 
t 
14 ·406 
16 ·354 
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OPP is greater than WMP in the men, 1015 ± 138 Wand 
696 ± 55 W, and women 648 ± 109 Wand 448 ± 63 W, which 
illustrates the fatigue which is encountered in WAnT 
during 30 s of maximal cycling. 
Table 4.14 The 
women, n = 28. 
relationship between 
(Values are mean ± SD) 
Optimised Wingate 
Power output (W) 648 448 
±109 ±63 
Load v rpm (r) -0,996 
±0'007 
Power output/Mass 10·95 7·59 
(W' kg- 1 ) ±0'98 ±0'41 
Value of r significant (p < 0·001 " P 
Values of t significant (p < 0'001) 
OPP and WMP in 
r t 
0·902 17·992 
O· 526" 21' 211 
< 0'01) 
The relationship between the absolute values of OPP and 
WMP is strong in both'men and women, r = 0·872 (p < 
0'001) and r = 0·902 (p < 0·001) respectively but when 
the values are expressed in ratio with body mass, the 
relationships, although still significant (p < 0·01) 
are reduced to 0·647 for the men and 0·526 for the 
women. 
4. 4 OPP RELATED TO ANTHROPOMETRIC INDICES OF THE LOWER LIMB 
The results are illustrated in Table 4.15 page 132. 
Figures 4.7 page 133, 4.8 page 134, 4.9 page 135 and 
4.10 page 136 illustrate the relationships in men and 
page 132 
Table 4.15 OPP, 
ratio standards 
(Values are mean 
anthropometric indices and associated 
in men, n = 20 and women, n = 35. 
± SD). 
Variable 
Optimised peak 
power output (W) 
ORPM 
OL (N) 
Load:Body weight 
Load v rpm (r) 
Elevation 
Slope 
Lean leg volume (1) 
Lean upper leg 
volume (1) 
Men 
1013 
±131 
118· 4 
±7·7 
86·0 
±12·4 
0·114 
±0·012 
-0·996 
±0·005 
237·4 
±15·3 
-1·409 
±0·289 
7·59 
to· 74 
5·12 
±0·57 
Lean thigh area (cm2 ) 211·5 
±20·4 
Subischial height 
(cm) 
Subischial height/ 
stature (%) 
Leg fat (%) 
OPP/body mass 
(W· kg- 1 ) 
OPP/LLV (W·l-l) 
OPP/LULV (W·l-l) 
OPP/LTA (W·cm- 2 ) 
85·8 
±4·0 
47·7 
±1·3 
17·7 
±4·4 
13·18 
±1·27 
133·9 
±16·3 
199·3 
±27·4 
4·80 
±0·47 
Women 
655 
±103 
103·8 
±8·5 
63·5 
±10·9 
0·109 
±0·014 
-0·996 
±0·007 
207·2 
±16·8 
-1·683 
±0·360 
5·23 
±0·86 
3·40 
±0·61 
158·6 
±19·3 
78·9 
±4·3 
47·6 
±1·3 
32·5 
±9·7 
11·07 
±1·11 
126·8 
±19·7 
196·2 
±35·7 
4 ·14 
±0·59 
•••• significant (p < 0·001) • (p < 0·05) 
ns not significant (p > 0·05) 
t 
11· 248"" 
6·338···· 
7·024"" 
1·183 ns 
6·598"" 
2·913' 
10·299**" 
10·285···· 
9·586···· 
5·808···· 
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OPP and LLV, LULV, LTA and SIH 
All of the relationships are significant 
0·05) except OPP/LULV in men (p > 0·05). 
The raw data are contained in Appendix 14 pages 353 to 
372. Confirmation that the OPP scores for men and 
women were distributed 
Appendix 12 pages 331 to 
normally is contained in 
341. Confirmation that the 
relationship between OPP and each of the anthropometric 
indices in men could be considered to be linear is 
contained in Appendix 15 pages 373 to 405 and in 
women, Appendix 16 pages 406 to 438. The values of r 
are less than that reported by Hamley and Watson (1969) 
but similar to the values reported by Winter and Hamley 
(1976) and Maughan et al. (1983). 
The absolute value of OPP is greater in the men than 
the women, as is OL and ORPM. Similarly, LLV,LULV, 
LTA and SIH are also greater whereas the proportion of 
leg fat in the men is only half that of the women (in 
all cases p < 0·001). In addition, the OPP to body 
mass ratio and the OPP to LTA ratio are greater in the 
men (p < 0·001), but the other ratio standards OPP/LLV, 
OPP/LULV, and OL:Bodyweight are not significantly 
different (p > 0·05). Similarly, there is no 
difference between the proportional leg length 
indicated by the subischial height expressed as a 
percentage of stature (p > 0·05). 
The analyses of covariance which compared the 
regression lines for the men and women between OPP and 
each of the anthropometric indices are summarised in 
Table 4.16 page 138. Appendix 17 pages 439 to 455 
contains the detailed calculations. 
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Table 4.16 Summary of the analyses of covariance which 
compared the regression lines for men and women 
describing the relationships between OPP and the 
anthropometric variables LLV, LULV, LTA and SIH. 
F ratio 
Variable Mean squares Comparison of Comparison of 
about regression slopes elevations 
LLV 1·808 0·273 16'046"" 
LULV 1'714 0·120 20'106"* * 
LTA 1·392 0·802 17'676*'** 
STH 1·735 0·286 55·633···· 
•••• significant (p < 0'001) 
all other values not significant (p > 0·05) 
When comparing men and women, the analyses of 
covariance reveal that for each of the relationships 
between OPP and LLV, LULV, LTA and SIH, there is no 
significant difference in the variance about regression 
or in the gradient of the lines. However, there is a 
significant difference in the elevations. 
4. 5 WMP RELATED TO ANTHROPOMETRIC INDICES OF THE LOWER LIMB 
The results are illustrated in Table 4.17 page 139. 
Figures 4.11 page 140, 4.12 page 141, 4.13 page 142 and 
4.14 page 143 illustrate the relationships in men and 
women between WMP and LLV, LULV, LTA and STH 
respectively (p at least < 0·05) . The raw data are 
contained in Appendix 18 pages 456 to 471. 
Confirmation that WMP was distributed normally is 
-- --------------------------------------------
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Table 4.17 WMP, anthropometric indices and associated 
ratio standards in men, n = 18 and women, n = 28. 
(Values are mean ± SD) 
Variable 
Wingate mean power 
output (W) 
WL (N) 
Lean leg volume (1) 
Lean upper leg 
volume (1) 
Men 
696 
±55 
56·6 
±4·6 
7·62 
±0·71 
5·11 
±0·49 
Lean thigh area (cm2 ) 213·2 
±19·8 
Sub ischial height 
(cm) 
Subischial height/ 
stature (%) 
Leg fat (%) 
WMP/Body mass 
(W· kg- 1 ) 
WMP/LLV (W·l-l) 
WMP/LULV (W·l-l) 
WMP/LTA (W·cm- 2 ) 
85·8 
±4·2 
47·7 
±1·3 
17·2 
±3·9 
9·05 
±0·57 
91·7 
±7·3 
136·9 
±13·1 
3·27 
±0·18 
Women 
448 
±63 
43·4 
±6·1 
5·30 
to· 91 
3·46 
±0·64 
159·7 
±20·8 
79·2 
±4·4 
47·7 
±1·3 
31·6 
±9·2 
7·59 
±0·41 
85·5 
±11· 5 
131·7 
±20·4 
2·82 
±0·34 
**** significant (p < 0·001) * (p < 0·05) 
ns not significant (p > 0·05) 
t 
13·585***' 
7·902*'** 
9·203**** 
9·356**** 
8·668**** 
5·009**** 
0·008 ns 
7·366**** 
10·127**** 
2·210' 
1·047 ns 
5·927**** 
900 
800 
~ 700 
600 
500 
400 
• 
300 
~. , 
3 4 
• 
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Figure 4 . 11 The r e lationship between mean power o utpu t 
during t h e Wingate Anaerobi c Test and lean l eg volume in me n 
( . ) a nd women ( . ). 
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contained in Appendix 13 pages 342 to 352. 
Confirmation that each of the anthropometric measures 
was related linearly to WMP in men is contained in 
Appendix 19 pages 472 to 504 and in women, Appendix 20 
pages 505 to 537. The absolute values of WMP and WL 
are greater in the men than the women (p < O· 001) . 
Similarly, LLV, LULV, LTA and SIH are also greater 
whereas the proportion of leg fat in men is, again as 
in studies 3.5.1 and 3.9, approximately half that of 
the women (p < 0'001). The ratio measures WMP to body 
mass, WMP to LLV and WMP to LTA are greater in the men 
than in the women (p < 0'001 and P < 0·05). WMP to LLV 
is not significantly different (p > 0'05). The WMP to 
LULV ratio of 136·9 ± 13·1 W·kg- 1 in men and 131·7 ± 
20·4 W'kg- 1 in women is greater than the value 119· 7 ± 
11·4 W'l-l reported by Mannion and Jakeman (1986) for a 
group of male Physical Education students. 
The results of the analyses of 
illustrated in Table 4.18 page 145. 
covariance are 
Appendix 21 pages 
538 to 554 contains the detailed calculations. They 
are identical to the results of the analyses of 
covariance carried out in study 4.4 which used OPP as 
the dependent variable (see page 138). When comparing 
men and women, for each of the relationships between 
WMP and LLV, LULV, LTA and SIH, there is no significant 
difference in the variance about regression or the 
regression' coefficients (gradient of the line) (p > 
O' 05) but there is a significant difference between 
the elevations (p < 0·001). 
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Table 4.18 Summary of the analyses of covariance which 
compared the regression lines for men and women 
describing the relationships between WMP and the 
anthropometric variables LLV, LULV, LTA and SIH. 
F ratio 
Variable Mean squares Comparison of Comparison of 
about regression slopes elevations 
LLV 1·283 0·061 33·910"" 
LULV 1·266 0·038 34·534···· 
LTA 2·026 0·200 39·536···· 
SIH 1·007 0·456 114·068···· 
•••• significant (p < 0·001) 
all other values not significant (p > 0·05) 
4. 6 POST WAnT HLa 
The results are illustrated in Table 4.19. Appendix 22 
pages 555 to 559 contains the raw data. 
Table 4.19 Blood lactate 
women, n = 11 after WAnT. 
values in men, n = 9 
(Values are mean ± SD) 
Men Women 
and 
t 
Blood lactate (mmol·l- 1 ) 12·0 
±1·6 
11·0 
±2·4 
1·143 
Value of t not significant (p > 0·05) 
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Al though there is an observed difference in the post 
WAnT HLa, it does not achieve statistical significance. 
4. 7 MUSCLE ELASTICITY RELATED TO OPTIMISED PEDALLING RATE 
IN MEN AND WOMEN 
The results are illustrated in Table 4.20. Figure 4.15 
page 148 illustrates the relationship in men and women 
between ORPM and EMD and Figure 4.16 page 149 the 
relationship between ORPM and CT. The raw data are 
contained in Appendix 23 pages 560 to 570. 
Table 4.20 Muscle elasticity and cycle test data in 
men, n = 10 and women, n = 7. (Values are mean ± SD) 
Variable Men Women t 
OPP (W) 995 756 3·589** 
±144 ±120 
ORPM 120·9 108·9 3·959** 
±6·4 ±5·7 
TRT (ms) 167·1 167·1 0·003 ns 
±16·7 ±14·1 
EMGT (ms) 127·9 122·3 0·712 ns 
±16·9 ±14·2 
EMD (ms) 38·8 45·5 2·022 ns 
±3·6 ±8·3 
FT (ms) 10·0 10·6 0·255 ns 
±4·5 ±4·7 
CT (ms) 28·5 35·1 2·903* 
±3·7 ±5·6 
** significant (p < 0·01 • p < 0·05) 
ns not significant (p > 0·05) 
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Confirmation that ORPM was distributed normally is 
contained in Appendix 24 page 571 to 577. Confirmation 
that the relationship between ORPM and EMD and CT in 
men could be considered to be I inear is contained in 
Appendix 25 pages 578 to 588 and in women Appendix 26 
pages 589 to 599. 
The absolute value of OPP and ORPM was greater in men 
than in women (p < 0·01). CT was also greater (p < 
0·05) whereas all of the other variables were not 
significantly different (p > 0·05). The relationship 
between OR PM and EMD in men was not significant (p > 
0·05) but was in women (p < 0·001). In both men and 
women, the relationship between ORPM and CT was 
significant (p < 0·05). 
The analyses of covariance which compared the 
regression lines for both men and women are summarised 
in Table 4.21. Appendix 27 pages 600 to 606 contains 
the detailed calculations. 
Table 4.21 Summary of the analyses of covariance which 
compared the regression lines for men and women 
describing the relationships between ORPM and EMD and 
CT. 
Variable 
EMD 
CT 
Mean squares 
about regression 
10·16* 
1·35 
* significant (p < 0·05) 
F ratio 
Comparison of 
slopes 
0·28 
0·90 
Comparison of 
elevations 
7·36* 
4·34 
all other values not significant (p > 0·05) 
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• 
• 
• 
• 
• 
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V ~ 1.5% 
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Men 
r ~ -0.511 (ns, p > 0.05) 
y ~ 156.5 - 0.918x 
· SEE ~ 5.9 
V ~ 4.6 % 
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Figure 4.15 The relationship between optimised pedalling 
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Men 
r = -0.722 (p < 0.05) 
y = 156.7 - 1.254x 
SEE = 4.7 
V = 3.7 % 
• 
• • 
• • 
G,~{I------~----~~----~ 
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Figure 4.16 Th e relations hip betwee n opti mised pedalling 
rate a nd elasLic c h a r ge ti n. e in me n ( . ) and women ( . ). 
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The difference in variance in EMD (p < 0'05) suggests 
that the the groups were not homogenous. There was no 
difference in the regression lines with eT as the 
covariate (p > 0'05). 
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CHAPTER 5 
DISCUSSION 
page 152 
PART I THE EXPERIMENTAL WORK 
5. 1 REPRODUCIBILITY 
In all, the reproducibility of 54 separate measures was 
assessed most stringently by ensuring that measuring 
occasions were exactly 168 hr apart. The reliability 
coefficients for the anthropometry and exercise test 
measures ranged from 0-998 (men's height) down to 0-771 
(women's OPP/mass). This latter value was unusually 
low (p < 0-05) because with the exception of the men's 
post WAnT HLa, lean thigh area, load v rpm relationship 
in OP and gluteal furrow height as a proportion of 
stature and women's lean thigh area which were 
significant at the p < 0-005 level, all the other 
values were significant at the p < 0-001 level. There 
were only three instances where a systematic change 
occurred on the test retest occasions, men's WMP and 
women's post WAnT HLa and gluteal furrow height as a 
proportion of stature. 
The reliability coefficients for the muscle elasticity 
data were not as strong. In men the value for EMD was 
-0-685, for FT -0-252 and for CT -0-609 (p > 0-05). 
Similarly in women for example, the coefficients for FT 
were 0 - 473 and for CT -0 -086. However, these values 
demonstrate precisely the point to which Clarkson et 
al. (1980) and Sale and Norman (1982) drew attention. 
If groups are homogeneous i_ e. the variance in their 
scores is small, the value of r will be adversely 
affected. In men this is especially so and in women 
the same feature appears although to a lesser extent. 
The only systematic change was 
mean value of the 54 reliability 
± 0-369. 
in women's EMD. The 
coefficients was 0-818 
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The test retest coefficient of variation (V) for the 
anthropometry and exercise test measures· ranged from 
0·2 % (men's and women's. height) to 7·0 % (women's 
slope for the load v rpm relationship in OP). The 
assessments suggest that the techniques that were used 
produced measures which were highly reproducible. 
Under the circumstances, the values of V are most 
reveal ing. Regarding the anthropometry, the largest 
values were 6·8 % and 6·9 % for the leg fat in men and 
women respectively but there was no significant 
difference between 
0·05). These data 
the test/retest 
are consistent 
occasions (p 
with with 
1970) used 
> 
the 
to original validation method (Jones 
determine this measure. The main source of variability 
is the assessment of skin fold thicknesses, in 
particular, the posterior thigh site. When these 
thicknesses were compared with roentgenogrammetric 
values, Jones (1970) reported values of V as 19·0 % for 
men and 27·0 % for women. However, in the context of 
this thesis, measures of the four most important 
anthropometric indices LLV, LULV, LTA and SIH were 
highly reproducible. This test/retest reproducibility 
is illustrated by values of V of 1·2 %, 2·1 %, 2·1 % 
and 0·5 % respectively in the men and 3·1 %, 4·4 %, 3·7 
% and 0·8 % respectively in the women. 
As regards the 
4·2 % in the 
exercise tests, V for Opp was 2·7 % and 
men and women respectively. The 
equi valent values for OL were 4·2 % and 4·9 % and for 
ORPM, 2·8 % and 2·2 %. These data suggest that the 
test results were highly reproducible. WAnT data were 
1·2 % for the men and 2·2 % for the women. In the case 
a systematic change in of the men, although there was 
the mean on the test retest occasions, the reliability 
of its ability to rank 
r = 0·994 (p < 0·001), and 
of the procedure in terms 
individuals was still sound, 
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the change was small. Finally, the post WAnT HLa data 
yielded V of 4·5 % for the men and 4·7 % for the women. 
In studies where V has been used as the criterion 
measure of reproducibility, the values reported in this 
thesis can withstand comparison. Thorstensson (1976) 
assessed the strength of the quadriceps using an 
isokinetic device which determined peak torque. Based 
on measurements taken on separate days with no apparent 
attempt to control potential circadian variations, V 
was 4·1 - 6·5 % and on the same occasion, 2·1 - 4·7 
%. There was no systematic difference between trials. 
Similarly, the reproducibility of a fatigue index was 
determined and this yielded a V of 3·2 %. V for day to 
day variation of maximal knee extension velocity was 
5·2 %. Histochemical analyses which were used to 
determine the areas of type I and type 11 muscle fibres 
revealed a V of 16 -
ratio of the type I 
17 % whereas the value for the 
to type 11 area was 9 %. 
Biochemical assays for Mg++ stimulated ATPase, CPK and 
MK revealed V of 12·7 %, 7·3 % and 6·8 % respectively. 
Jacobs (1981) assessed V for intra muscular glycogen 
concentrations, 4·9 
homogenate), 14·6 %, 
fibres), 7·1 %, blood 
%. muscle lactate (from muscle 
muscle lactate (from individual 
lactate, 6·9 % and muscle fibre 
type, 11·2 %. From day to day data, Tesch (1980) 
the fatigue index 
6·2 % for fibre type 
reported values of 3·2 % for 
described by Thorstensson (1976), 
distribution and 6·8 % for post 
lactate. Finally, Essen (1978) 
% for blood lactate and 6·3 
glycogen. 
exercise intra muscular 
reported values of 3·1 
% for intramuscular 
The preceeding values of V help to put in context the 
equi valent values for the muscle elasticity study in 
this thesis. Furthermore, the data from this work can 
be compared directly with those reported by Vii tasalo 
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et al. (1980) and the comparisons are particularly 
interesting. V for TRT in this study was 6·3 % in men 
and 6·8 % in women, Vi i tasalo et al. ( 1980 ) reported 
16·0 %. Similarly EMGT data were 7·1 % in men, 8·3 % 
in women and 18· 8 % in the Finnish study. EMD data 
were 11·5 %,8'6 % and 8·2 % respectively. FT and CT 
are not comparable directly because Vii tasalo et al. 
(1980) do not declare similar values but it is 
reasonable to suggest that FT in this study ( 41·4 % in 
men and 30·7 % in women) does not appear to be as 
reproducible as other measures and this contrasts with 
CT (15'7 % in men and 13·3 % in women) which does 
appear to be reproducible. 
The explanation for this difference could be simple. 
The traces could be read to a resolution of ± 1 ms (see 
Figure 4.2 page 120) which is approximately 10 % of the 
mean interval for FT. With this potential for error, V 
in men and women is understandable. Further support 
for this view is offered by data for CT. The same 
measuring limit occurs in a time interval some three 
times longer so is only approximately 3 % of the 
measure under scrutiny. Nevertheless, all of these 
data suggest that the measures were reproducible. They 
also confirm the suggestion made by Clarkson et 
(1980) and Sale and Norman (1982) that under 
al. 
the 
circumstances, V is a more informative indicator of the 
reproducibility of the variables which were under 
investigation. The mean value of V for the 54 
assessments was 4·9 ± 7·1 %. 
5. 2 OPTIMISED AND WINGATE DERIVED PEAK POWER OUTPUT 
Peak power output produced by WL which could be 
sustained for a complete pedal revolution was 12·5 ± 
5·3 % less than OPP in men and 10'1 ± 5'8 % less in 
page 156 
women (p < 0-001). Furthermore, the mean reductions in 
power output masked the variability of the suppression. 
The relationship between OPP and WPP, see Figure 4.3 
page 126 and Figure 4.4 page 127, r = 0-897 (p < 0-001) 
in the men and r = 0- 905 (p < 0- 001) in the women, 
suggests that the measures are closely related. 
However, the variance explained i.e. rZ x 100 is only 
80 % in the men and 82 % in the women. This of course 
leaves 20 % and 18 % unexplained. These data support 
the suggestion made by Sargeant et al. (1981) that WL 
might not satisfy muscle force velocity relationships. 
In addition, the results are also consistent with those 
reported by Raveneau (1986) cited in Vandewalle et al. 
(1987) who demonstrated that peak power output during 
WAnT had a mean reduction of 6 % compared with the 
force velocity test of P,eres et al. {1981a) and that 
the reduction was variable. 
The absolute value of OL was considerably higher than 
WL. In the men it was 86-0 ± 12-4 N compared with 56-5 
± 4-3 N for WL (p < 0-001) and in the women, 63-5 ± 
10-9 N compared with 43-5 ± 6-0 N (p < 0-001). 
Proportionally, WL was 66 % of OL in the men and 69 % 
in the women. Also, the relationship between the two 
measures, r = 0-684 in the men and r = 0-660 in the 
women, although significant (in both instances p < 
0- 001) and explaining 47 % and 44 % of the variance 
respectively, still leaves more than half of the 
variance unaccounted for. Similarly, the load to body 
weight ratio, 0-114:1 ± 0-012 in the men and 0-109:1 ± 
0-014 in the women, was considerably higher than the 
Wingate value of 0-075:1. Associated with these 
differences between OL and WL were differences in the 
calculated pedalling rates at which peak power output 
occurred. Calcula ted ORPM in the men was 118 -4 ± 7 - 7 
and 103 - 8 ± 8 - 5 in the women whereas WL test required 
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peak pedalling rates of 155-9 ± 10-7 rpm in the men and 
134-4 ± 9-1 in the women. 
Consequently, these data support the suggestion made by 
Vandewalle et al. (1987) and Bar-Or (1987) that WL is 
not high enough to yield optimised peak power output. 
The design of OP is sufficiently sensitive to identify 
the greatest mean power output for one complete pedal 
revolution. Consequently, a complete anthropometric 
cycle of activity has been scrutinised. This feature 
has not been enjoyed in other experimental designs and 
meets the objections made by Adamson and Whitney (1971) 
concerning instantaneous values. 
If OP is used to determine external peak power output, 
it is of little practical importance that OL is greater 
than WL. The elegance of OP is such that OPP can be 
calculated and is not dependent on a particular load 
that is applied to the system. So long as there are 3 
- 4 braking forces which yield pedalling rates varying 
from approximately 100 200 rpm, and that the 
relationship between peak rpm and applied load is 
linear, the calculating procedure is sound. 
5. 3 THE RELATIONSHIP BETWEEN OPP AND WMP 
WAnT was designed to assess anaerobic performance in a 
standardised way so as to analyse the responses to 
maximal exercise (Bar-Or 1987). However, OP was 
designed to assess peak power output in a way which 
satisfied muscle force velocity relationships (Nakamura 
et al. 1985). Both tests were designed to assess 
maximal exercise but are they scrutinising the same 
aspects of metabolism? 
The results of 
page 128, Table 
Figure 4.6 page 
page 158 
this study, illustrated in Table 4.13 
4.14 page 131, Figure 4.5 page 129 and 
130 suggest that the two tests are in 
fact closely related. 
absolute values, only 68 
However, 
% of the 
in terms of the 
variance in opp is 
explained by the relationship with WMP in men and in 
women, the figure is 81 %. Consequently, 32 % and 19 % 
still remain unexplained. What are the possible 
sources of these residual amounts? 
First, 
In the 
there is the error associated with measurement. 
men, 
variance of 
test retest 
94 % (0.972 2 
data for opp yielded common 
x 100). The residue, 6 %, 
comprises technical error and biological variation. 
Similarly for WMP, only 1 % is left unaccounted for. 
In the women, the equivalent values were 9 % and 4 %. 
These data suggest that while error offers some 
explanation for the discrepancy, more so in the women 
than in the men, it does not explain all of the 
residual variance. The tests appear to be assessing 
different aspects of performance which may reflect 
differences in the underlying metabolic processes. 
A sui table analogy exists in competi ti ve performance 
while sprinting 100 and 200 m. The times involved are 
not identical but they are similar to the duration of 
op and WAnT. High attainment men can sprint 100 m in 
approximately 10·5 - 11·0 s, women, 11·0 - 11·5 s. In 
the 200 m, similar standard men can sprint the distance 
in 22·0 - 22·5 s, women 23·0 - 23·5 s. However, the 
best 100 m runner is not necessarily best at 200 m 
which suggests that op and WAnT may be reflecting in 
the laboratory what is seen in competition, but caution 
has to be exercised due to lack of precision in the 
basis of comparison. During OP, bouts of exercise 
which lasted 8 s were administered, which is similar in 
magnitude to the time it takes to sprint 100 m, but OPP 
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is based on a performance which represents only one 
pedal revolution of acti vi ty. 
approximately 0·5 s and to suggest 
comparable to an activity which lasts 
This occurs in 
that this may be 
in excess of 10 s 
is imprudent. Similarly, WAnT lasts for 30 s which is 
approximately 50 % longer than it takes to sprint 200 
m. Furthermore, there is the issue about ecological 
validity. How secure are assumptions about running 
performance when they are based on data derived from 
cycling exercise? Again it would be injudicious to 
make too many claims. Notwithstanding these points, 
the two tests do seem to be assessing different aspects 
of performance and just because someone performs "well" 
on one test does not necessarily mean that they will 
perform well on the other. When the data are expressed 
in ratio with body mass, the relationships in the men 
and women, although still significant (p < 0·01), are 
considerably less sensi ti ve. In the men only 42 % of 
the variance is explained and in the women there is 
even less, only 28 %. This leaves 58 % and 72 % 
unaccounted for. 
What therefore are the .two tests measuring? 
OP is possibly clearer because it attempts 
The aim of 
to assess 
maximal performance which is signified by peak external 
power output. On the other hand, the interpretation of 
performance during WAnT is more equivocal. It assesses 
the result of maximal effort but differs from OP in one 
important respect. Peak performance, in terms of peak 
after 3 - 8 s from the start of power output, occurs 
the test and then 
Consequently, while 
reduces 
the effort 
as 
may 
fatigue 
still be 
the absolute value of performance is reducing. 
sets in. 
maximal, 
Throughout the 30 s of WAnT, there is an aerobic 
contribution to the energy releasing processes but the 
test is supported predominantly by anaerobic mechanisms 
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(Inbar et al. 1976, Bar-Or 1987). The evidence 
suggests strongly that OP and WAnT are assessing 
different aspects of performance but the precise 
mechanisms which account 
unclear. 
for the difference are 
5. 4 OPP RELATED TO ANTHROPOMETRIC INDICES OF THE LOWER LIMB 
This study addresses one of the fundamental purposes of 
this thesis, to compare maximal exercise performance in 
men and women. 
Referring to Table 4.15 page 132, the absolute value of 
OPP in the women, 655 ± 103 W was only 65 % of the 
value for the men, 1013 ± 131 W (p < 0-001). However, 
there were also accompanying differences in the 
anthropometric indices of the lower limb. LLV was 
greater in the men than the women, -7-59 ± 0-74 I 
compared with 5-23 ± 0-86 I respectively (p < 0-001). 
So too was LULV, 5-12 ± 0-57 I compared with 3-40 ± 
0-61 I (p < 0-001), and LTA 211-5 ±20-4 cm2 compared 
with 158-6 ± 19-3 cm2 (p < 0-001). Th'e proportion of 
leg fat by volume also demonstrated a difference, this 
proportion being higher in the women than in the men, 
32-5 ± 9-7 % and 17-7 ± 4-4 % respectively (p < 0-001). 
Consequently, it is tempting to express the absolute 
values of performance in ratio with the anthropometric 
indices and by doing so, generate ratio standards. 
Opp to body mass in the men was 13-18 ± 1-27 W-kg- 1 and 
11- 07 ± 1- 11 W - kg- 1 in the women which maintains the 
difference between the sexes (p < 0 -001). However, 
when OPP is expressed in ratio with LLV, there is an 
observed difference between 133-9 ± 16-3 W-I-l in the 
men and 126-8 ± 19-7 W-I-l in the women but this 
difference is not significant (p > 0-05). Similarly, 
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OPP in ratio with LULV displays the same, 199·3 ± 27·4 
N·l-l in the men, 196·2 ± 35·7 N'l-l in the women (p > 
O' 05) • A di fference emerges once more when the ratio 
standard OPP/LTA is compared. In the men this was 4·80 
± 0·47 N'cm- 2 and in the women, 4·14 ± 0·59 N'cm- 2 (p < 
0'001). On the basis of these data, it appears that 
when men and women are compared observed differences in 
performance are simply reflections of the differences 
in size .. 
This interpretation however, is flawed. Nearly 40 
years ago Tanner (1949)" pointed out quite clearly that 
ratio standards are theoretically fallacious and in 
practice, potentially misleading. At issue is the 
relationship between variables for it is the comparison 
between the relationships for different groups rather 
than the ratio standards which is the appropriate 
comparison to make. 
Figure 4.7 page 133 illustrates the relationship 
between OPP and LLV and Figures 4.8 page 134, 4.9 page 
135 and 4.10 page 136 illustrate the relationship 
between OPP and LULV, LTA and SIH respectively. The 
relationships illustrated are linear. However, it is 
important that the apparent linearity is confirmed. To 
"" 
do so, two requirements had to be satisfied. First, 
the distribution of the dependent variable, in this 
case OPP, had to be examined. If the data were not 
distributed normally i.e. they were skewed, they would 
have had to have been transformed to their logarithmic 
values to obtain the power standard (Sholl 1948, Tanner 
1949). This check is often overlooked (Sholl 1948). 
Appendix 12 pages 331 to 341 confirms that for both the 
men and women, OPP was distributed normally and that 
transformation was not necessary. The second 
requirement was confirmation that linear regression was 
appropriate to the relationships. Appendices 15 and 
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16, pages 373 to 438 contain the relevant analyses. 
The assumption that for both the men and women a linear 
relationship exists between opp and the anthropometric 
indices LLV, LULV, LTA and SIH is approved. It should 
be remembered at this stage that in the men, the 
relationship between OPP and LULV is not significant (p 
> 0 - 05) but for the purposes of comparison with the 
women, linearity is assumed. Consequently, the 
respective regression lines can be compared using 
analysis of covariance (Snedecor and Cochran 1980) and 
three characteristics can be compared. 
First, the variance about regression, second, the 
and regression coefficient 
third, the elevation 
(gradient 
of the 
of the line) 
regression line. 
Inspection of Figures 4.7 page 133,4.8 page 134,4.9 
page 135 and 4.10 page 136 suggests that there were 
similarities between the sexes in the relationship 
between opp and the anthropometric indices but there 
were also important differences. 
Table 4.16 page 138. 
This is confirmed in 
There was no significant difference between the groups 
in the variance about regression i. e. the groups are 
homogeneous, nor in the regression coefficient (p > 
0-05). However, the elevations were significantly 
different (p < 0-001). These regression standards 
change the interpretation of the data which were based 
on ratio standards and suggested that there was no 
significant difference in the ability of men and women 
to perform maximal exercise when performance was 
expressed per unit of size. The use of regression 
standards to demonstrate the opposite illustrates most 
effecti vely the points that Tanner (1949) was making. 
There is a distinct difference in ability which 
independent of size per se and this difference 
masked by the use of ratio standards. 
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Examination of the data in Table 4.15 page 132 reveals 
that there were interesting differences in the way 
external power output was achieved. For instance, OR PM 
in the women, 103·8 ± 8·5 was only 88 % of the men's 
value, 118'4 ± 7·7 (p < 0'001). There were also 
differences between the sexes in the regression line 
which described the relationship between peak pedalling 
rate and the applied braking force. In the men, the 
mean elevation was 237·4 ± 15·3 whereas the equivalent 
value in the women was 207·2 ± 16'8 (p < 0'001). A 
significant difference is also observed when the 
regression coefficients are compared, -1,409 ± 0·289 in 
the men and -1,683 ± 0·360 in the women (p < 0·05). 
The difference in the elevation of the regression line 
suggests that for any given braking force, men will 
achieve a higher peak pedalling rate than the women. 
The steeper gradient of the line in the women suggests 
that additional load has a more marked effect on them 
than it has on the men. What are the underlying 
mechanisms which could account for these findings? 
One possible source could be error in measurement. 
This is unlikely for two main reasons. First, the 
reproducibility studies demonstrated quite clearly that 
the component measures could be made with little error. 
Second, the differences are systematic which would 
probably not be the case if error was random. It 
appears that there are real differences in both 
performance and the ways in which performance is 
brought about. There could be gross differences in the 
mechanical configuration of the lower limb which might 
influence the interaction between the exercising 
segment and the fixed length of the ergometer's pedal 
crank (Inbar et al. 1983a). Analysis of the length of 
the leg, defined as sub ischial height revealed some 
interesting findings (see Table 4.15 page 132) • 
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Expressed absolutely, SIH was greater in the men than 
in the women, 85·8 ± 4·0 cm and 78·9 ± 4·3 cm 
respectively (p < 0·001). However when SIH was 
expressed as a proportion of stature there was no 
statistical difference, 47·7 ± 1·3 % in the men and 
47'6 ± 1·3 % in the women (p > 0·05) . This is unusual 
(Williams and Warwick 1986) but might be an 
illustration of the similarity in background shared by 
the subjects. There could have been differences in the 
relative lengths of the links i.e. foot, lower and 
upper 1 imb which could have been influential. These 
were not measured so it is di fficul t to be certain 
however, in the light of the previous similarities just 
elucidated, 
the effects 
differences were unlikely. Consequently, 
of a fixed crank length could be considered 
to be at worst marginal, and probably negligible (Inbar 
et al. 1983a). One is left with the unmistakable 
finding demonstrated by analysis of covariance and 
illustrated in Table 4.16 page 138 that the differences 
in maximal exercise performance between men and women 
were independent of leg length. 
The differences in the proportion of fat and its 
distribution in the leg could have affected the 
mobility and inertial properties of the limb. In 
women, the greater amount of adipose tissue could have 
reduced the ability to move the limb quickly throughout 
the cycle of motion. Similarly, greater proportions 
of interstitial fat content in women alluded to by 
Burkinshaw et al. (1971) could have been responsible 
for a reduction in the dynamics of the shortening 
processes in muscle. 
Another possible. explanation for the difference in 
performance could be due to di fferences in the 
proportion of type I 
the recruited muscle 
and type 
(Bar-Or 
11 muscle fibres within 
1987). Although muscle 
----------
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biopsy samples were not taken, it 
there would be marked variations 
is unlikely that 
across the sexes 
(Nygaard 1981). The subjects, both men and women, were 
predominantly multiple sprint type individuals. Their 
chosen sports were activities like hockey, soccer, 
rugby, lacrosse and netball. Some of the women were 
international standard so could be considered to be 
elite. This was not the case wi th the men. 
Consequently, there were no striking differences in the 
activity background of the subjects. 
There could have been di fferences in recruitment 
patterns which were sex linked, but there is no direct 
unequivocal evidence to suggest that this occurs (Bell 
and Jacobs 1986), or could have occurred in this study. 
In fact, the background of the subjects suggests that 
if such a difference exists, it would probably be 
minimised. This cultural similarity becomes 
increasingly important because differences may have 
been responsible for marked variations in performance. 
That the subjects were similar is supported by evidence 
from two sources. First, the reproducibility of OPP 
discussed previously is as 
in the men. Second, the 
good in 
pedalling 
the women as it is 
rate/braking force 
relationship, r = -0-996 ± 0-006 in the women and r = -
0-996 ± 0-005 in the men (p < 0-001), suggests that the 
intra test reproducibility of effort is consistent. 
The women's response could have been consistently under 
exploited but this is unlikely and a genuine maximum is 
being observed. 
5. 5 WMP RELATED TO ANTHROPOMETRIC INDICES OF THE LOWER LIMB 
The results of this study are remarkably similar to 
those of the study just discussed, see Table 4.17 page 
139. Howeve~, there are differences. The ratio 
-------------------
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measure WMP/LLV is significantly different, 91- 7 ± 7 - 3 
W-l-l in men as opposed to 85-5 ± 11-5 W-l-l in the 
women(p < 0-05) although as this is a ratio standard, 
it may be of no practical significance. 
Another difference which is more important is the 
stronger nature of the relationships between WMP and 
LLV, LULV, LTA and SIH which is enjoyed by both the men 
and the women and are illust.rated in Figure 4.11 page 
140, 4.12 page 141, 4_13 page 142 and 4.14 page 143 and 
summarised in Table 4.18 page 145. Explaining this 
observation is not easy. 
OP is dynamic and stimulates adrenergic activity. 
However, from a metabolic standpoint, WAnT is 
particularly potent because of the greater time that 
maximal exercise has to be maintained. Consequently, 
if there are differences in adrenergic activity between 
the sexes, performance in this type of exercise might 
be affected to a greater extent than was evident with 
OP. There is no compelling evidence to support this 
suggestion and the high reproducibility of WMP 
demonstrated by the women (V = 2-2 %) suggests that the 
ability to perform this type of maximal exercise is 
remarkably consistent. 
Table 4.18 page 145 illustrates that the nature of the 
relationship between WMP and LLV, LULV, LTA and SIH in 
both sexes is virtually identical to those when OPP was 
the dependent variable. Namely, the variance about the 
regression lines and the slopes were not significantly 
different (p > 0-05), but the elevation was (p < 
0- 001) . Again, like the previous study, differences 
in the ability to perform this type of exercise which 
are independent of size are demonstrated but the 
precise mechanisms which could explain the difference 
have not been identified. 
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Al though WMP is highly reproducible, there could be a 
consistent suppression of performance in women which 
results from socio-cultural factors (Birke and Vines 
1987). While this possibility cannot be discounted, 
its likelihood is reduced for two main reasons. First, 
the subjects were competitive and were most anxious to 
give their best performance. Secondly, considerable 
encouragement was given during WAnT and this was 
welcomed by the subjects. 
Marked differences in metabolism could be responsible 
for the differences in performance and this possibility 
was pursued in the next study. 
5. 6 POST WAnT HLa 
There is an observed difference in the value of blood 
lactate in samples drawn seven and a half minutes after 
exercise has ended, 12'0 ± 1·6 mmol·l- 1 in the men, 
11·0 ± 2·4 mmol·I- 1 in the women, but the difference is 
not significant (p > O· 05) . What is to be inferred 
from these results? 
Answers have to be offered cautiously for a number of 
reasons. The data were reproducible, V = 4·5 % in the 
men and 4·7 % in the women, although in the latter 
there was a systematic change downwards. This is not 
easy to explain because it might have been speculated 
that an increase m'ight have been more likely 
accompanying a learning effect of some sort. On the 
other hand, the care taken to ensure that subjects were 
fully accustomed to the procedures and the 
reproducibility of WMP make this less likely. Indeed, 
the reduction in retest post WAnT HLa accompanied by no 
change in WMP is confusing. 
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However, a more fundamental problem exists and is 
associated with interpretation. The blood values were 
drawn seven and a half minutes after the exercise bout 
had ended and these are used to make inferences about 
what was happening in the active muscle but an 
inference such as this might be unwarranted because of 
a complex interaction of mechanisms. The amount of 
lactic acid produced by muscle which is exercising 
maximally 
example, 
is dependent upon a number of 
levels of the enzymes Ca 
factors for 
++ ATPase, 
phosphorylase and PFK outlined in section 2.5.3 pages 
63 and 64. Once produced, there is an efflux from the 
producing cell into adjacent fibres (Brooks 1987) or 
into the blood where the lactate is carried to the 
heart and liver and removed. The efflux can be seen 
quite clearly by the rising post exercise blood levels 
of lactate which reach a peak some five to ten minutes 
after exercise has ended. However, during this time 
lactate is also being removed from the circulation so 
the concentrations in blood are net amounts which 
represent the difference between production and 
subsequent removal. These production and removal 
characteristics are unlikely to be the same in all 
individuals. At best, the blood levels of lactate can 
only be guides to the underlying mechanisms but having 
said that, the absence of a marked difference in this 
particular aspect of metabolism does not provide 
compelling evidence which would account for the 
differences in performance. 
An explanation for the differences in ORPM might be 
attributable to differences in the elastic properties 
of muscle. However, this creates a fork so to speak, 
in the investigative route. The metabolism pathway 
could be pursued further by, for example, 
examination of the active muscle but this 
closer 
would 
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require involved techniques such as muscle biopsies and 
magnetic resonance imaging (MRI) (Foster and Hutchison 
(1987) • Technically, these procedures were not 
feasible but the elastic properties of muscle could be 
investigated and this particular route was selected. 
5. 7 MUSCLE ELASTICITY RELATED TO OPTIMISED PEDALLING RATE 
IN MEN AND WOMEN 
This study was based on the suggestion made by Cavanagh 
and Komi (1979) that the major portion of measured EMD 
is used to stretch the SEC. In support, Bell and 
Jacobs (1986) demonstrated quite clearly a lower EMD in 
men than in women and suggested that this was a result 
of a greater resistance to stretching in the men. 
There are two aspects of this type of work which are 
unclear and create confusion. First of all, from a 
technical . standpoint, the 
measuring systems which are 
elasticity are considerable. 
demands 
used to 
placed on the 
assess muscle 
in Table 4. 9 page 121, 
Furthermore, as indicated 
there are different 
interpretations about just what precisely is being 
measured and this creates difficulties when attempts 
are made to compare re suI ts. The events which occur 
occupy small intervals of time in the order of 10 - 50 
ms. Table 4.20 page 146 ilustrates that TRT and EMGT 
were not significantly different in men and women (p > 
0'05) but EMD was the major focus of attention and 
because of the exacting nature of its assessment (plus 
all the other measures) l~as based on the mean of ten 
trials. Other studies appear to have had similar 
difficulties. 
mean of 
Nilsson 
two 
et 
Vii tasalo et a1. (1980) recorded the 
trials, 
a1. (1979) 
McIlwain and Hayes 
recorded the mean 
(1977) and 
of three, 
---------------- ---- ------------- --------------
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Morris and Beaudet (1980) recorded the mean of five and 
Cavanagh and Komi (1979) recorded the mean of twelve. 
More fundamental however has been the potential 
misinterpretation of EMD particularly when considering 
force application and movement. The point at issue can 
be illustrated by a simple tow rope. If a car is to be 
towed, initially the "slack" in the rope is taken up 
and then it can be seen quite clearly that tension 
develops before movement of the towed car takes place. 
A similar occurrence takes place in muscle and tendons 
and this 
clearly. 
particular study demonstrated the point 
Force was registered on the force platform 
before movement of the heel away from the pressure pad 
(see Figure 4. 2 page 120) was observed. Consequently, 
EMD was subdivided into FT and CT. Comparable studies 
that have subdivided EMD in the same way and so allowed 
comparisons are not available. Muro and Nagata (1985) 
assessed FT but did not report additional time to 
movement and, as outlined on page 123, the values of FT 
for the men and women in this study are strikingly 
similar. 
The reason for using eT as the most meaningful measure 
of elasticity is now much clearer. It is the time to 
charge the elastic ti~sue in the musculo-tendinous 
structure to such a point that movement occurs. 
Although EMD in men (38'8 ± 3·6 ms) was shorter than in 
women (45·5 ± 8·3 ms) the difference was not 
significant (p > 0·05). Similarly, FT demonstrated the 
same trend, 10·0 ± 4'5-ms v 10·6 ± 4·7 ms respectively 
(p > 0·05) but al though tempting, it would be 
injudicious in the absence of firm evidence, to suggest 
that there were differences between the sexes in signal 
conduction characteristics across the sarcolemma and 
down the T tubules. The difference in CT, 28·5 ± 3·7 
ms in men compared with 35·1 ± 5·6 ms in women (p < 
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0- 05), is particularly interesting especially when set 
beside the difference in ORPM, 120-9 ± 6-4 and 108-9 ± 
5-7 in men and women respectively (p < 0-01) which are 
similar values to those in Table 4.15 page 132. 
The difference between CT could be attributable to 
greater joint laxity in women (Lamb 1984, Fox et a1. 
1988) . Care was taken during the selection of m. 
soleus to ensure that it was representative of cycling 
but in addition, as it is a one joint muscle, with the 
knee flexed at right angles (see Plate 3. 5 page 88) 
this muscle is almost totally responsible for plantar 
flexion and the contribution from m. gastrocnemius in 
this action is negl igble. The potential influence of 
joint laxity was recognised and as a result, the 
protocol was designed to ensure that the influence was 
minimised. Similarly, CT is affected by differences in 
fibre type distribution of the contributary muscle 
(Viitasalo and Komi 1981). The random sampling 
procedures coupled with the evidence provided by 
Nygaard (1981) which indicates no marked difference in 
fibre type distribution between the sexes, make this 
possibility unlikely._ It appears that· genuine 
differences in elasticity were observed. 
The relationships between ORPM and both EMD and eT add 
further evidence to support the influence of muscle 
elastici ty. The inverse relationship in men between 
ORPM and EMD (see Figure 4.15 page 148) was not 
significant (p > 0-05) whereas in women it was (p < 
0-001). The relations6ip between ORPM and eT for both 
men and women (see Figure 4.16 page 149) was 
significant (p < 0-05) which suggests that as eT 
increases, ORPM decreases. In men, 52 % of the 
variance in ORPM was attributable to the relationship 
with eT and in women the corresponding figure was 57 %. 
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Not all of the variance in ORPM was explained, but 
muscle elasticity indicated by CT was influential. 
It should be pointed out that the experimental protocol 
did not distinguish between muscle elasticity and 
tendon elasticity (Alexander and Bennet-Clark 1977) but 
nor have other studies which have investigated EMD 
(Cavanagh and Komi 1979, Viitasalo et al. 1980, 
Viitasalo and Komi 1981, Komi 1984b, Bell and Jacobs 
1986). This is not surprising because to do so in vivo 
creates considerable difficulty whereas to do so in 
vitro is more straightforward but this approach reduces 
the number of subjects one might have at one's 
disposal. It is clear however that the elasticity of 
the overall musculo-tendinous unit has been examined. 
Alexander and Bennet-Clark (1977) indicate that both 
structures are elastic and that during submaximal 
exercise muscle elasticity predominates but as the 
force exerted by a muscle becomes maximal, the muscle 
stiffens and the elasticity of the accompanying tendon 
(or tendons) is harnessed. 
The point at issue is .the effect that this elasticity 
has on function and the reduction in ORPM demonstrated 
by women could indeed be consistent with a longer 
stretching time before the SEC could assist in the 
shortening process. Similarly this particular 
mechanism could explain the di fference in both slope 
and elevation of the peak pedalling rate/applied 
braking force relationship. The elevated regression 
line demonstrated the- more dynamic response of the 
relatively less elastic men and the steeper slope 
displayed by the women demonstrated the more marked 
effect that heavier loads have as they tax the 
elasticity progressively more leaving even less time to 
generate force. The 
strength differences or 
equivocation about isometric 
similarities (Ikai and Fukunaga 
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1968, Maughan et al. 1983) has added significance. The 
statistical analyses were inappropriate because men and 
women were compared on the basis of ratio standards yet 
it is abundantly clear simply from inspection, that the 
regression lines produced by Maughan et al. (1983) are 
different. This could have been because there was a 
greater stretch in the SEC of women which somehow 
affected the force development of the shortening 
elements which may also have had sex linked differences 
in their coupling abilities. The analyses of 
covariance (see Table 4.21 page 147) indicated that the 
regression lines for men and women which relate ORPM to 
CT were not significantly different (p >0·05). This 
suggests that the differences in muscle elasticity are 
not qualitative but quantitative. Women are more 
elastic but the nature of the elasticity compared with 
men, is at least similar and possibly the same. This 
contrasts with the ORPM/EMD relationship for which the 
regression lines did differ. Interestingly, this 
perhaps reintroduces the role of FT but for reasons 
discussed earlier on page 155, it would be imprudent to 
lay too much store on this measure. 
It appears therefore that OP and WAnT are sufficiently 
sensitive to detect and distinguish between different types 
of maximal exercise performance. Furthermore, it is clear 
that OP and WAnT can detect distinct differences between the 
sexes in the ability to perform maximal exercise which are 
independent of body size, providing that regression 
standards rather than ratio standards are employed. 
Identifying the precise mechanisms which explain the 
differences in performance is more difficult but potentially 
influential socio-cul tural factors have been minimised and 
this has allowed a more rigorous scrutiny of the 
physiological and biomechanical factors which could have 
been responsible. Distinct differences in metabolism are 
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not forthcoming but that might be explained by the scrutiny 
of inappropriate mechanisms. For instance, no data were 
available to assess whether or not there were marked 
differences in the concentration of glycolytic intermediates 
outlined on pages 63 to 65 which might have influenced 
performance. However, in terms of OPP, there is strong 
evidence to suggest that differences in the SEC of muscle 
could have been responsible for differences in performance 
and they probably influenced WMP. 
It is fitting to end this section with two statements which 
acknowledge the past and look to the future: 
and: 
Our predecessors were not fools and we should take 
our satisfaction from adding a brick or two to an 
existing edifice, not in imagining that we built 
the whole thing ourselves. 
Wilkie (1986) p 11 
Now a great many of the stones are well and truly 
laid in their positions over the half-centering, 
yet still the keystone may be said to be lacking, 
the full explanation of exactly how the sliding 
(of muscle filaments) occurs. We may believe with 
some confidence that this will not elude us for 
another twenty centuries. 
Needham (1971) p 602 
PART 11 THE IMPLICATIONS FOR TEACHING 
A fundamental question to consider and which is remarkably 
simple is, should boys and girls be taught together or 
separately? However, the simplicity of the question belies 
the complexity of the answer. 
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Before attempting to answer, a number of considerations have 
to be made. First, it has to be remembererd that the 
results of the experimental work undertaken in this thesis 
are based on data from young adults, not children or 
adolescents. However, preliminary work has already been 
undertaken to try and identify whether or not the 
differences in muscle elasticity exist in childhood or 
appear during puberty (Brookes et al. 1987, Brookes et al. 
1988) . These developments have received the support of 
Tanner (1988, personal communication). While three broad 
but distinct age categories can be recognised 1. e. 
childhood, adolescence and post adolescence, precise age 
limits which define these categories are much more difficult 
to identify and depend upon individual differences in 
maturation. 
Second, the type of exercise under scrutiny also has to be 
considered carefully. At the extremes exercise could be 
regarded as being either maximal or "all-out", the principal 
focus of this thesis; or submaximal. In between these two 
extremes is a much greyer area which comprises bouts of high 
intensi ty exercise which are interspersed with periods of 
low intensity activity. This is exemplified by both indoor 
and outdoor games or multiple sprint type activities and is 
a category in which most physical education (PE) in schools 
is to be found. 
Against this background there have also been external 
influences which have affected attitudes and approaches to 
PE in schools. Notable among these have been 
in Equality of Opportunity which espouse, quite 
developments 
rightly, the 
contention that girls should be given the same opportunity 
and chances as boys not just to learn but to experience 
personal enjoyment and a sense of achievement. Other 
profound effects are being felt by the changes associated 
with the introduction of the Education Reform Act (ERA) and 
the accompanying National Curriculum and their impact on the 
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content of PE. Related to this development is the ongoing 
debate both within and beyond the profession which is 
concerned with competition or participation. In many 
respects this has, unfortunately, tended to polarise 
viewpoints whereas in reality, it is doubtful if these 
extremes do actually exist in isolation (Murdoch 1987). 
This thesis 
physiology 
has addressed 
associated with 
differences in aspects 
muscle function but 
of 
the 
application of the knowledge gained cannot be viewed in 
isolation. It has to be set in the context of 
philosophical, cultural and psychological factors which also 
impinge in 
teachers by 
material. 
addi tion to constraints which are placed upon 
the availabil i ty of resources, both human and 
As regards maximal exercise, it is abundantly 
clear that in general, performance is greater in men than it 
is in women and the difference is independent of size. 
Similarly, it has been demonstrated that· oxygen transport 
mechanisms are less well developed in women than in men 
(Lamb 1984, Pate and Kriska 1984). 
However, this is not the same as saying that all men will be 
better than all women. A distinction has to be made between 
comparisons between groups in which group means provide the 
bases, and individuals whose characteristics are set in the 
framework of a trend demonstrated by the parent group and 
who might not in fact reflect that trend. Individual cases 
have to be considered on merit and to illustrate the point, 
the work of Nygaard (1981) has demonstrated by comparing 
muscle fibre type distribution, that intra sex variations 
could be as marked and might even be greater than inter sex 
differences. Some women might be better than some men and 
in certain circumstances it is conceivable that at whatever 
task, a lot of women could be better than a lot of men. 
Taking matters further, it has been suggested for example, 
(Newsholme and Leech 1984) that for long duration submaximal 
exercise where the premium is the continued provision of 
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substrate, women might be better equipped to deal with the 
metabolic demands than their male counterparts. 
Equali ty of Opportunity has been used to promote mixed PE 
but while this may be laudable, the effectiveness of the 
approach has been questioned (Telford 1986, Turvey and Laws 
1988) because of the potentially counter productive outcome. 
Turvey and Laws (1988) suggested that entrenched views of 
teachers, both men and women, could unfairly favour the boys 
at the expense of the girls. Consequently, this could 
diminish the enthusiasm of girls who, in turn, could become 
disenchanted and disillusioned, a vicious circle. 
It is helpful to think in terms of age. During childhood or 
preadolescence, and although the limits are variable (Tanner 
1978) an upper age of say 11 to 13 in girls and 12 to 14 in 
di fferences in performance 
to social and cultural 
boys could be used as a guide, 
are likely to be attributable 
influences (Birke and Vines 1987) rather than those whose 
origins are in physiology and mechanics. Consequently, 
there are no compelling reasons to differentiate groups 
indeed, as Ferris (1981) has pointed out, and reaffirmed 
(Ferris 1988) mixed participation should be encouraged 
strongly with equal emphasis on both sexes to ensure 
continued participation. 
The onset of adolescence heralds a more confused set of 
circumstances 
care. Not 
psychological 
which have to be considered with particular 
only is there the maelstrom of possible 
traumas and uncertainties that have to be 
accommodated, there are variations in development which can 
be illustrated in a class of twelve year olds. This will, 
more than likely, contain pre, intra and post adolescents 
(Armstrong 1986) and these intra class variations in 
physiological age will be accompanied by differences in 
performance potential (Telford et al. 1986). 
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The fundamental role of a teacher is to ensure that every 
pupil fulfils his or her potential to whatever absolute 
level that potential might be. This is, of course, easier 
said than done but it does indicate the possible negative 
effect that differences in performance ability might have. 
Those that do not possess as high an ability as their peers 
might, if they are forced to mix, become increasingly 
disappointed as effort and reward become, apparently, poorly 
related. For activities which involve maximal exercise, 
this might well be a reason to consider separating groups, 
in particular on the basis of sex, to ensure that enthusiasm 
is not crushed. This suggestion should not be confused with 
an assumption that all boys and all girls should be 
separated at all times. What is suggested however, is that 
there are occasions e.g. during competitive badminton, 
squash and field games such as hockey, when separation is 
justifiable and could make teaching more effective. This is 
supported by Nimmo (1987) who claimed that it is naive to 
assume that the responses and adaptations to exercise should 
be the same in men and women. One must not lose sight 
though of the strong reasons which favour co-educational PE. 
There are clear benefits to be 
socialisation and integrat i.on and 
should exploit such integration. 
This thesis makes it abundantly 
distinct sexual differences in 
gained from increased 
the teaching programme 
clear that there 
the physiological 
are 
and 
mechanical factors which underpin maximal exercise which are 
independent of social and cultural influences. Who then is 
in the best position to decide when and when not to have 
mixed PE? It is the knowledgeable and sensitive teacher who 
knows and understands his or her pupils and who has a grasp 
of all of the issues that are involved. It is hoped that 
this work has added to such knowledge and helped teachers to 
ensure that the potential of each and every pupil in their 
care is developed to the full. 
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CHAPTER 6 
SUMMARY 
In summary therefore, 
objectives. First, 
identify and evaluate 
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this thesis set out to achieve two 
assess the most appropriate ways to 
maximal exercise which would permit 
meaningful comparisons between the performance of men and 
women; and second, consider the impl ications for teaching. 
In answer to these objectives, there are six clear findings: 
1 The optimisation procedure (op) proposed by Nakamura et 
al. (1985) is sui table for the evaluation of external 
peak power output. 
2 op and the Wingate Anaerobic Test (WAnT) are sufficiently 
sensitive to distinguish between different types of 
maximal exercise performance. 
3 The use of regression standards in preference to ratio 
standards as proposed by Tanner (1949) is reaffirmed. 
4 op and 
between 
WAnT are able 
the sexes in 
to 
the 
detect distinct differences 
ability to perform maximal 
exercise which are independent of body size. 
5 Maximal exercise performance is influenced by muscle 
elasticity. 
6 Dividing groups on the basis of gender to teach 
activities which involve maximal intensity exercise is 
justifiable. 
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Appendix 1 
Instrument calibration procedures 
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1. 1 Stadiometer 
Tubes of known length were use to mark two points at 
1.440 m and 2.000 m on the stadiometer. Before and 
after each measuring session, the reading on the 
instrument's cursor was checked against the reference 
points. 
1. 2 Anthropometers 
The anthropometers were mounted on purpose built bases 
and located in brass ferrules. Before and after each 
measuring 
for each 
session, 
of the 
compared with the 
the reading in the lowest position 
three measuring conditions was 
value given by a steel tape which 
measured the perpendicular distance from the base of 
the lower surface of the indicator arm. Where 
appropriate, a second check was made against one of 
the anthropometer's distance piece tubes. 
1. 3 Weighing Scales 
The weighing scales were checked 
commercial servicing agency. 
1. 4 Skinfold Calipers 
annually by a 
The cal ipers were checked twice a year by mount ing 
them on a stand and suspending weights from their 
lower jaw until the instrument opened. This ensured 
that a pressure equivalent to 0.1 N. mm- 2 was exerted 
by the jaws of the caliper. 
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1. 5 Cycle Ergometer Weights 
The cycle ergometer resistance weights were determined 
using a precision balance. 
1. 6 Analogue to Digital Converter 
The timing accuracy of the ADC was checked four times 
a year against an electronic time base. 
1. 7 The Fluorimeter Used to Determine Blood Lactate 
A four point calibration was determined using 
duplicate assays on a blank and three standards. The 
regression line for the relationship between the 
standards and the fluorimeter readings was calculated. 
The middle two readings for the four samples taken 
from each subject were introduced into the regression 
equation. An example of the procedure is illustrated. 
Fluorimeter readings. 
Tube Blank Standards (mmol.l- 1 ) Unknmvns 
5 10 15 a b 
1 2 45 105 147 106 124 
2 -3 48 103 139 122 122 
Mean -0.5 46.5 104.0 143.0 
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PEAf,SON PF'WDUCT Mm'IENT com<ELAT I ON CDEFF I C I E':tH 
********************************************** 
D8S VAR. X. 
NO. STANDARD 
1 0.000 
2 5 .. 000 
7 
-' 
10.000 
4 15.000 
NUMBER OF DATA PAIRS 4 
STANDARD 
MEAN 7.5 
STANDARD DEVIATION 6.454972243 
VA,'( • V. 
RE!~DING 
-0,,500 
Lf6.500 
104.000 
143.000 
r<EADING 
73 .. 2~500000:.) 
6:-'::; .. 1~j39l25 
CORRELATION COEFFICIENT 0.9975712756 
WITH 2 DEGREES OF FREEDOM 
REGRESSION LINE READING (V) ON STANDARD (X) 
-----------------_._-------_._----_. __ .. _--------
V = 9.75'1999998 X + 5. 00000<f172E'-2 
(lBS V!~R. X VAf<. V CALC. 
ND. STANDI~RD HEI"'DII~G V. 
1 0.000 -0 .. 500 0.050 
2 5 .. 000 46 .. 500 4·8 .. t:l50 
3 10.00r) 104·.·000 97.650 
4 1!5 .. 000 14::';.000 14·6.4-50 
SUM OF SQUARES OF RESIDUALS 58.04999968 
STAND!\HD ERFtOFt CIF EST! M!~TE: 5. ~,EI7 4ElC'i4FJ4 
REGRESS ION U NE STANDAF<D (X) ON READ I NS (V) 
-------------------------------------------
x .- 0.1019619:'':14- V + 3. 128852136E-:;~~ 
OBS VAR.V VAR.X CALC. 
NO. REI\D INS STANDARD X. 
1 -0.500 0.000 -0.020 
2 46.500 5.000 4.77:0: 
3 104.000 10 .. 000 10.635 
4 143.000 15.000 14.612 
SUM CIF SQUARES OF RESIDUALS 0.6064436629 
STANDARD ERROR OF ESTIMATE 0.5506558192 
F(F~E I DU(·',L 
V. 
-0 .. 550 
-2. ~550 
6 .. :~~.50 
--3 .. 450 
RESIDUAL 
X. 
0.020 
0.227 
-0 .. 6:3:5 
O .. 38f.3 
150 
r = 0.998 (p < 0.005) 
y = 0.05 + 9.76x 
SEE = 5.4 
V = 6.0 % 
x = 0.03 + 0.10y 
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• 
• 
O~------~~-------J------__ ~ 
o 5 10 15 
Standard (mmolrl) 
Blood lactate equivalents of the middle two readings 
are 12.47 mmol.I-1and 12.47 mmol.l- I • 
Mean of these = 12.5 mmol.l- I 
1. 8 Timers 
The timers in the study which investigated muscle 
elasticity were calibrated before, during and after 
the study against a 1 MHz crystal controlled timer. 
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Appendix 2 
Regression lines to convert skinfold thicknesses (x) to 
uncompressed roentgenogrammetric values (y) 
Subcutaneous SEX Age Range, Regression Equation Coefficient bf Correlation 
Fat Site Years Variation, % 
M 18 - 40 y = 1.01419 + 0.55696x + 13.63 0.93 
Anterior F 18 - 28 Y = 4.08859 + 0.40689x :12.91 0.83 
Thigh M 6 - 15 Y = 0.37863 + 0.59371x ± 14.60 0.96 
F 6 - 15 Y = 0.27118 + 0.49610x + 6.98 0.98 
-
M 18 - 40 y = 1.36874 + 0.53231x : 19.00 0.90 
Posterior F 18 - 28 Y =-9.40519 + 0.99236x :t 26.95 0.77 
Thigh M 6 - 15 Y = 0.28403 + 0.54534x + 8.06 0.98 
-
F 6 - 15 Y = 0.07780 + G.52600x + 6.75 0.98 
-
M 18 - 40 y = 0.98517 + 0.49945x : 17.40 0.87 
Medial F 18 - 28 Y = 1.27296 + 0.47684x ! 13.60 0.89 
Calf M 6 - 15 Y = 0.48261 + 0.50738x ! 20.77 0.85 
F 6 - 15 Y = 0.56786 + 0.50593x ! 15.91 0.94 
M 18 - 40 y = 0.87011 + 0.39259x :!: 17.82 0.82 
Lateral F 18 - 28 Y = 2.09455 + 0.33943x ± 12.96 0.80 '"d ?l 
M 6 - 15 Y = 1.11566 + 0.43311x t 17.74 0.82 IJ<l Calf (J) 
F 6 - 15 Y = 1.77205 + 0.38433x '!: 16.70 0.83 M M 
'" 
------------
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Appendix 3 
Computer program listings and their accompanying printouts 
3. 1 Anthropometric Indices of the Lower Limb 
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? 70 IF GF~:JUF·;~*-·'c: I, ::..1 Tt·;El\; {~CF:~~~~~: I; n" :: E!~~:Y::~:;:::: t-F ,. 
7ErG I F DI·:::Due~~·::: p :~: d TH~:'~H (,\C.;E~~::!:::::: 10 P;":; FE:. '< ;:::':::::" !'! d 
l'i.IU IF (7}nuu::::' .. ~::~:: JI ~*!. \, T !"';I~::j\~ (.\t"3E:::::!::::-:: 1\ "r t< ~ 3E:: >< ::~:'~:: il J~: I, 
de>\) '1 F Fii:;:LlUl:::·;t,:::: .. "I, H "n"'fE!\j t~)Ei!:;~:::::::;;:" -r 11:: F\!::: >:~~:~:~ d!'1!1 
F3]'O IF' c:;n[;l:p:~::~:::II~::;11 'rH::::~!··j P;F:iE:~~:"~:" I 11 ~ :'::)EX:.f··~·lIF-·' 
8~:;::') I F' GRDU;·::·::j:.:::: If I:, 11 I'~·";~~;\J (')EI:~::t:::; \, I j; ~ ~~t::Y .;~:,*~" i'l:' 
~~ 40 [:!<::;;: ::::: I' I' 
850 IF F~jYORN(~K$) 
f:~ 6 i) C;~, t:) 
" 
87;) F:·::~I!'.irTP,9~:>:'):I) I'F).f'!'E<,:::;i? E~nt·.E.'t'H tl;2 f:"Jll::)l;"i.n!] d-::ta :i.n Cr.i .. " 
a·3U It·:F'UT TP:B(2,,·~~) IIB8:.iy H,::?i~1htll·rt~;:';,(:.:::O);~:;Hf~~Ir::H·;·~~-: 
'i'" "-. 
, . .; ..... ; 
~j(;)C ,( F ;:. j";V [.:',;_*. I I)r\~Ul"1 (BI-"!E l (3;"'l'T::j;) ::-:F' (~:L.FF':: 1'!"'I!~:r-,-j bE::O EL:;:::: EH!,':: 3: GHT:::::V{'1L_ (F::-l~::.£ (7)! .. ·;·r~f) 
C?OO ::: !'-.!',:::'LJ T 'r I:.:-:r::) ( ~.? '1 ::'j) !. :3 i t: t. i n (:J HE':i ~jh t JJ *f At:! .: :.~:I) ) f~'Hl~ I C:::!· .. ! 'T' :~;' 
'71 C J r:' Fj\fI)(''\L I Dl\iur~l (f:3!"iE I (;!"'!T::~:) '~;:F·(\L.~:)t:: "j'!"·lEI\! {~:)OO r:::L.!::;[:: GHE: T Cj! .. !·r'~::V;''\L {SH:::: J r·il, .. !"I'::r::-, 
()20 I t\jr~:'UT 'f;':':-jf::~ ('2 ~ 6) 11 G J. L: t. F'ur·. H(;~i gh t. I, ";" (~B (:::;0) t'iE~'[ :=(··jTO~r. 
C?:::;O IF F'j\!VnL I [-Nur." (:·"!E I r?H'';''O~!:') ::-::FPrL.sr:: TH!~:!\! ;~~;~,) EL:3r..:.* :"1E: I i: . .;J. .. i"r .: 0) ~'!';v;(~;L. (Ht:. I bHTo::;' ~ 
:i'lO It··,j::::·UT Tt;B(2,7) "E:;lut ... Fi.tt-~ :.:·;i\r·t.hIlTP,F)'::~~O)(3IF~Tf·:():t:: 
0:,';;50 :CF' F!\!~/PIL.l t)!,,!ur:! .: D1 F:"rf"'ln::~:) ~,::F·(.·~L.~3:;::: ·r: -!Ei'-.l r.~'f!.(> F:t...~;H::: \3:;: F;:'fH (0) ~':·'·j~-~;L. (C: 1 F~"I'~-:O:~::) 
9 i~l 0 J: !\!\:~'LJ' r 'r (.\j B (::':~ 'I }:l ) !; 11 ~~; ~:3~ .. ··r,.' r::' t·It!.·~ j I.] h t 11 T (~D ( :~::i)) !"'I'i::~ 1 C)H'r :t ~i;: 
970 IF FNVALID~IU!~(~1EIG~i·'r·l$)~FA1_S~ l'~1~N 9~,O Et_BE t'1EI81~"r(j)=')A~(f'l~IGH'Tl$) 
(1bO Ii\lPUT' "rnH(2,9) II:ll::::: S~*T/F Gi.r·t:hllT("\F::!::::;O}[JI::~:"f'I~.!j,~*: 
1:.;"9,) IF i:::'!\!',.}PIL I t+.!t Jr1 (G:r. F:'fH i~;) ~:::;~'?)! __ SE --1': ·IEN 'Y'B:) FLnE E.: I HT;"r f. :l ) ~;::vr;L «(} I !':;:TH 1 ::~:) 
000 II\IPt~IT TP;B(:,2 1 10: "!\1in" Ctr-c~ above.' I<n~7;E~ Hf=~iqhtl'T(:,B(:~;'(:')h::::IGHT'2:~': 
010 IF FNVALI[)NUM(~'iEIG.~l'2$)=FALSE l'HE'N lOOf) ELSE .iEli3H'f(2}=\'AL(HS[GHT2$) 
020 INPlJT TAB(2,ll) I'Mir1. Circ. above Knee Girth"T'AB(30)GIRT~~2~ 
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;y:~'O ]. F FhV{~L_ I !)!\!;jr:! .: (3 T f( n···t~;>::~) ::.::j= (OiL.HE 'ni:'~JI t O~..::O c::l....~)E r~ J H"l !"i :, ::':') :,::~/PL ,: U I ;';'"1 !··f:~;:;;':) 
O.t:!·O I !\I,::;'UT' "r (iD (:2 '.1 1 :.?) L, Kn E"C~ ,:1 ;~~. n t. j"-ic~:L (;h'c 1I "!"!':JD (:::::0) :":iE I bj···!":' :::::::~: 
0::50 11'::' !::·i'.'!(j(~d __ Jl)I\ltJiv; (:"·iE'.(r;I···lr::~;::t·) :::::;::'(:J1. ... E:~:~ .. J'~,,·i!~::i\1 :LOlIO E:L::?.E 1···1(::: J: D!"t'r (:'~:) ::':'(')(~L. ~!"I~:~:};JH'l :::: .. () 
()~lD l:1\:\~~'UT Tr:':B(:~":,l:~:) IIJ<nC';";:: Jt.)int.: Ei.~,,·t.;·,,;I'·~'·P'!:i(:::::O)bIF\TH:3·;:~ 
(.~}C I~:~ ~:::·!'·J;)P-i._lJ)i'-.(ur1 ('3tF.:'r:-l:3:t) :::-:F{',L..~::::i:::: ·T}·!':.:::: ... ·! }U(-:;O E:., ~:~:E ~31::~·-: .. !··! (:.::,;' ::--\.'(fL ~~._;:t ,~' .. :"! ... ~.~.::~·;l 
O~:;G Ii\:PLiT T(~,r!{:~::,)::.·4: "(v:1.,--" C:~j'-;.~" l::(,:'l,:;;~ i<rl.::~E\ 1,,·j~·.~:;qi-t."T'~'~;Ei(·~:(:>;;HEIC:d!·ll·:~~ 
09(> :i ~.::' r'l\!') {\:i .. '1. DI'.,r!J>'J (j .. JC:: I C:~;,-\";' ,q ::!:::' :::~:::;';:.;!, .~:;;i:::: 'i"l"i'~::!'': 1 C'Eie' F·.: .... UE: l'''I!~~: :;: C,r;';',!" ,: li·;i ::·:\j(.~l; .. " ~ J 'IE.r ::·,;)· .. j·T l:,::]::: 
:~i):) Ir·-ii~:'~.,i·r 'r('~E~ (~':-::') l::::} I'l':i:i ill' C.il·C" (')(,':-.'LDI;; :~'n~'·::~.;~ (;~II,..·t.h"'r":·\!l·:~ (:::;0; Gt~~;~'i !,,!i,!.-:':: 
,i. :t D I j.: r:'l\!\.}(,L . .l Dr·~u;·.'~ (u:!: ::~~";"l"'ll,l'::r~':- ::~:F t~.""HE r:'''~F:!'-l 't '\. OJ l::::j, ... ·~1i;::: U:I: ; .. (":'l"·~ (f.j_ ::::~"j(.~·lL.. ([.' 2: !:~:"!"j .(l; -:~'::' 
! ·.~:U I !\!P~ .. j·1· 'r (;P ~ :~:: 'J j S,~ ,; C~~·~; ". f :"'lC",:l (.:j"~'(:. I, f :~;E (:::::(1) j-:E:. i t':'~~'-'I-l-:7S-:!:: 
J :::,;) :f F' F'!' ;'/r,~, :;: U:"L1i'''! -: 1"';:;::' I r+r':!:';::~ ) ~·:l':·!-:·!l. H:'::: "r rM ;::::\"! :1 'i ',::~1> r~'".:::i::' : ... :~:,:: ':, r·~ j"" ":'_::} ~-::::,. (.:;_., ',: ,!,:: :~' ,::::-": r;::: :t , 
:i(l-O !.!\~·~'l!";' f't\E.l ':'~:~:'! 'll) ·'L;,=..~, ,+ f,3i,,"l:,i'\" l"(;U {,::"'):'~,:·~,t.;:::T:":~.)'::: 
:L~::;;) t 1::' ~'::·!':\;;";I:" .. I l.>r·~L:Vj ~ F:: J ;,:~'r·}-i",:!::~:::· ~:':l::,0!!,,,~:~'~-;: '!'\,--:~::',: •. ,j ~,:~ .':-0 ~':L,:'::E :::.; J ;::;~ f';". ': '.";.) .;:l, 'j':::j:,,, r, r: '( ~';' l":.;.';:t':' 
:t (0 I I'-JF' U "I' 'r ('~j>::~ ~ :::~ 'J :!. d ) " ('>:-l k J :.':) H:,:;; ::, q 1": 'i:, 11 'r r:-, f) ~ :;;;u :1 j,,)\:,:: 1 ~::J:"~")" :~:, -,~, 
., '? 0 IF i::'("I\,: ('.\1, .. J I') :\!U:"I :' H ~::: ,;: ;,;H ':' (,:J:) ":':i·::' (~I;~, :::;!:~: "~"I ;,;':' ':, t ':1".1 '.:~:j, h::-.:· : -:L:::: i: ::';: .. :'~' ( I'~ '. ::-'·~v': '_:,., ~ :"!E :(: :3H r /::. :;:' . 
. -[ :~:: 1 ~"': ,; ,~::: .' :' ',.i ,.: ',~ f:: ,', F' T 
2 ',:, C' D?:,l ':i:: 
~:,~~~ 0 I:::'P 1 i\i "f"TA :::l (:;;~ , 1,' " ~<1. ,::.,:~ ~::~ E" oD;, '~_: '::~';'~ t. :M; f"~' -:~ ::::::i .t ::1'.:';::' ;-;'.;'j :i t'i n;·;i .. ' f 
2:';i) I i\lF'UT T ::L~~ t :,~~~! !:.~ ~- .. Pi!'" ~"_. Th.. ~:: 1:: i n +;J :~. d d Tt'J~: (2~::) /~;\rr.:,; 
:\1:; 0 I;':' F·~"~V{~d." J Dl\iU; .... ; { ("d'-XT::~' ) ':-::F t'L ::3;::' '>1: -!l~:,:\l t ~ .. ~' ',~<> Et_F):::: :~~ ~',;:" ,..,.() ,:~d ... , \ i :d' ,! ';' :~,~, 
270 I r'lPUT '1" (;~ E'. ( ~,~? 'I 1 ~~) 1I ::::'(:";';~ t,,, Th" ~.:; I:: t r"c 'r ;-:, ,L ;:,: .1 T (.'; \) ( :~: ~':,;) :':'::!::::~'T":~: 
'~:~Ui) I F :~:'HV (iL., J Dl\H_ if'! ( F'Ub "j":t) "',' F' r~i_,.EE::' "I' :"': ,,:::;",1 :1 :','? 7' ':J ;':LHE: (:'Uf:; r ',~: \) ,:,~:i,., (F' i,~)~::)"r ,:~: ,:' 
:::1,:;>0 I r,;I~:'U'T f :'.':~ El .: :-~: 'j 1 :'i) I1 ~'tt::'d" C ,:;;.~ 'f ~::) 1-:: :i, f': f c' :!. d ,; T {-~[,: ( :;~5 ;. r":E D:~:: 
::';:(>0 J F' i;;:-!',!'·,j ~~-r\~.:~ D!',:LJr"; ( ;"'1k:~e:::::) ':~'i:~ (~:_EE ": H:':::i\~ 'j :,':~'/C f)~,HE::: ;''It::. D~~~"H-': t_ (:"H:::IJ ,!:: ;: 
~~::t() :::~.:;:':'t!T T{'lE,{(~'!., l.7: "L.i:~,t.~ '~;al f E!::j nr!::::~,d"T:;B(:::~;:5)l.;~~r:~:: 
:S:';~C I!,:' r=r,F)()LJD!\H.Ji"1 (;,_(\'r:~-) ':~-i::'rTLS~::: li,,-!t-]\; 'I.::::] 0 !::::! .. ,~::;:;~~ Ln"! ~-::'-/(\!..., (L.;.)r::!~) 
·~::!,O PPJ:!"_~T'fPIEl(:,':'~~',~~fj,) "AI'-'F' th(':':!::;:,::~ c:'nt,:,"j.e:~'} cc:::"r-;''::,lc:'1::.? (V/[\.\) I, 
:2:;'.',)0 It: FNYDF;:N (CJ~<::~~::;:) ':~~ "I\:jl T!'''IF;:I\! :~.~',:~':::;U 
:360 E,r,JDt::'r~Cc 
:370 0EF PRDCM0L~ 
~:::c;o I F' ::'.~ni:::::¥:::::" I'" "f HE:: r,,! i":'nt~C!'i~(··::,,,.E'T 
.:'~,OO I F P:0:1r::::~:::~ " I I, "I"1 .. ·j;:':'1\1 ::~'PDcr":PiLME I 
41. (> E:"IDF',:':cc 
LI,20 ['t:F PHCLF·I=T'!{..~L.F':' 
:'I,~~:O I I;;:' {~iGE::!:::::: H (:)" "j'! ... ~::::r--.: F"!::;:CjCl:~E:'-1~~~d .. ,~~J~ 
1.1,/.1,0 I F: ACJE~t:,·,,! \. T " ",'j-·:F.,f,! PF:nCF'r::~:V::':'iL.!::~~\' 
4:::;0 J r::' p:jC-}!:::~J;.::;,~ 11 I I, "I';",j!::::~\; !-:'r:;~DCF'E'\"";('~!L,r::: 1 
f~ 60 END~';'FUC 
q·lO DE:::' F>:::<UCElj:v~E 
4t~D 1 F (b::::X:f::: 11 F,J cr~: SE: X ,:t.:~:, "':~ H) '},\--it:':i'J ::::,:·~,::·jCF;:::i":P',i_E EL~Jr::: ;~:'F:DCr-:r.i;_;:: 
49~J l'ERM2 -- PI!~ 
(.\ ,I" P 
5:0 TERM4 "~ M .. ~ L 
320 FOR I = 0 TO 6 
530 DlAM = GIR'r'H(I)/PI 
,-,' .. 
3. 1 Continued ••• 
~4() ~R~~(I) - DI~M~~2 ~ 'TSRM2 
:i~SO I'-!::::X r 
~60 FOR I = 0 ~o 3 
570 DIAM ~ GIRTH(I)/PI 
3:::jO Ft::" (iS~(''::(,: ( :!: > :.:~ (D I {~,(1 
590 :'-!EXT 
~oo FOR 1 ~ 4 ~O 6 
~ ~,;':~ () r:' i:::" p: ~:~ :::.;'i ( ].) :,,', ( D :t C'~i:'l HO.. or E::' r:~ ~ I,L;. > .,' ~;;~ .}I'. ''I'' 1::: i";: !":"2 
~J~':;O l'·ir:::X·I-
St,O F00~ ., = 0 'I'D ~ 
-j)O DIFF = ~!~I8Hr(I) 
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:,~.:F) l"hJL. ( 1) :;.. (c I r:'!~' +~ (t-:PEI·; ( I) .. !,. r~!"i':=:n, ::: + :~.} i" ~.';(~·!F': ~ (.':I':<r~PI .: :::) * (;~:;:i::~(\::'~ '-!--1 > ) ) } / ::~; 
:SS-'O F;:':"'DL.f.I:' :.::: (DI::::'F ·i+ (F='!::r,I'::.F(~(.t; -:-. ~:-~::(~f«:~(;(T+J.~' d. :::;C:~·;~(i·:F{,;F:':~(;:!.,-, '~ :::·FPi~;~!~J.',I,l·~·~.).1 
i ";:" 
J ' ••• ' 
7:'20 N~XT 
7:30 SlJMUPP~RVOL = 0 
750 FOR I ~ 0 T~ 2 
"7,hO ;3Ur'!ljF'i':"E\~{;')U\~ .;~~ :~3: .. .Ji'-;!"Jr·'·;·; ;::~:~\/:Jj" .+ ·'.J;,JL. {.~. ) 
)7(; :·3t,jMUpr c;:i,;..:F·;:· vel. ,~-:; :~h:L:!·'1~;I;~·~:~'F::!.=(~F;·vCL. "'I" ~~;,::l,/C:'_ ~.t ,I 
7UU NE:>~'r 
(:~U() (.:I:·~E(.-::; ( I) ;.;:: I h~'T (;, r.:~li·:;~i:::P: ( I;1 .~~. t t·,.) "1" U M ~:::.; I / .L·:) 
810 FFAREA~J) =: INT(CFFAREAiI) * il!! + ().5)/l(1 
8~O FOR I = 0 ,,·t) 5 
d'I·O ~)UL ( ):) ;~;; I ; .... \.!. (l.,/DL. ( :J. ) ··1' (\ ~ l,:,:!) 
850 FFVOL(I) IN1'(FFV(JL_(r~+,O,,5~ 
[,";,)1,-::1 LE::r,~F(,\'~'" .... Ih!'T" ( (:;.00 .h. (~:;;Ul'·'j:'~·F\.,'Cl~ .. ,/~~·l.;\'·"ll)C.:L~> J_~. 1(:0) ji, tU) -I- () .. :· .. i> /:1,,) 
(:,00 bLJ!"t'v'DL. ..... Jr.!"!' (~:3tJi'tP.jc..L + 0 .. ~5) 
910 SIJMFFVOL. = IN'"r'(SUMFFVC: .. + O~5~ 
9::~;O El\!DP::'~OC 
940DEF PROCRESUi_'{'S 
960 I,./DU :~':~:~ CL.,B 
020 @x ~~ &02010e) 
030 PRINT : PRI~ll' 
(iL~O~=·;.:~: j: 1\:'r'l'('~B (',~:f3"; I'L,!1l·.JE.P L I 1'1B {.")!·.~·r}-;nDj:::'C;V!L~TRY 11 
O:50!,~'n 11",IT~!' Pi!3 ( ~,::':F:~ ~, !3 -rn I Nf7! ~~~: ( :: !~. 1 11 _~. I, > 
J60PRINT ~ PRINT 
O'70!~~·F~lt·iTT{~B (5) Ur-,,!{Wl~;; 
075ej~'nNTT('H3 (~5) II~':\EX: 
:~~ I' 'r"RSII 
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)~,jCj-~'F~} N":" rr~IB (5;, nl'f\ J \\i:::3:,;;~ (' 70 '.' I'~~.;;) 
:'7 () FF! I i'fr'"!"" {:-:c (:j:, ). BDDY I-!E:~ Fj!···IT " :: -CnD (::s~?:. ;: E:Ht::: .r \-1H-~'; '1 P [; ( '"!·c,) ;; .. S:l TT I >.ICr j·if.:: I G!"'!'l' '-!'(.~::~ (I:J) :: 
'. ~. ;--., ,'I~ 
": .. i. ',.:;" I 
l O-~~i~:'!:~:I. r,l"T' 
l :\. :) eH .f.l\lT'ft: B t : ,) 11 :3~ .. _!,,)·T H F : .. ;:;~: " ). ,IF I ['.~I···I T' 11 ;: 'f (i!;::{ : ::::.:,.::) :: HE:: I C::ij .. ·! r (t,}) !~ r (,::,B ( "·1, Cl) ~ I, E~_U r " l'::'U;'~: ~ L:'; l F:''j"' h " 
t /~>::';:::; I!' (:'T(;)3 (~':;;' 11 (.ir,:t::.i .:~~ H[ I C!·T:"" ~: r {) )-j (:.~ ~;;::;; :: j--!L~'~ t: .. !·~!! ~ 6) , "T ('\Fi (i: '.~;' ~ ,I P:!\';:·G ... t:-. i~ .;, :..:,; 1';'1 H , ·i-_··~D ( "lC') ; f:: 
iHU:;) 
7(1) ; L(~T 
:~; l OP~:: I 1\,j":"'T'i'JB ~ :1. :::.:;,l (~;:~:E:J~'~;': I ) '/ ~:~ '!'H 1 r·,:D)::!:: .:: ::,:S '!;' ;;) '! F'::::'(:i::,~:~::p( ( r ) 
:::2Ur':I~:< T 
::~-'1C~:;';~~ :~!\!lT(.~,~3 ( 1 '?) "l..)fJLU:'·'~:~~;:3':;: 'T{~;;:) < I.: 0) ;1 CDF.:f:,:j:::~:::"~ EL ;)l:lL.Uj"·!~_::,~; 11 
:~:;::::Hf:.l"; F'::~~ I ;,.rrT(H~: ~ 20) :-~)T~;: I ;'.1(1':::: ~ '? ~ I; .... of) :i 7'f.-~r:: ; 'l,C·;' ::~TF I '''In>~~ ( ~. ? '.! 11 ._1' 
"~(:'();:~'H! ;-..,-r :: Q~{:'::;g:UO(~C·()~3 
~?·:l.O ;:;:':::~J!'.,rrr(.\n(~5) 'ITDT('d. .. , VCL~j!vl"~:::: ";:''!''P:B(::?:::;:) :;:::)!"Jl'IlVCL.!i T'('''8 "(2Si) it "r:'r::"!' F'i':::!::::E \.'CJ!,_~jr--:l.:.:: ';::":-('\f: 
S}; ~3UIIfII~~'FVDL1; T(~r:l (~):?:\!: "!"!("~!~1~::~·*'100/FFV~ 11; t~.!EJ:EH,j·r 
~20PRINT : G%~S(000005 
t!<:;;C P~:::J 1\ITTr1B {'5) "L~r:'I'::'El:::: L!:::G:~ t)DLU;-"!E:: 11; T(.\YJ (2'S) 1: :-?Ur"'iu,-~'!::':':'H':'OL,; T::·;;':'.: (~,?'9) , 11 UPPE1~-:;L_EG l'::'~·;'-V:: 
; T(.'!J3 (lLS) :: SU!'1UF[~:'~:::f~FF'·iCL.!; T(~B (;::;2);: IILEG F(.~"r: '. 11; LF::GFP;'j'; "%11 
~l·t·l,C· (~~~< ,:;:: 1. 0 
·:~~5C) ~}DlJ:3,:: ~)DU6 
~I,!::)O ~~I',jDI'::'F~OC 
l70 D!::F f~'HC;C!VH~L-'.:;'::(; 
180 A = (1.01419 + (!).5~696 * ~NT»/lO 
490 P -- (1.36874, + (0"53231 * POS-I-»!10 
-'00 M = (0.98517 + (~)"49945 * ~lED»/10 
~lQ L - (0.87011 + (0.39259 * LAT»/I0 
3. 1 Continued •.. 
!:5':.'::O r::I\iO~ >F'CJ1',~ 
~,~~!.u DE;::'- :;.'r;;'Cj~:~:f'-lr":;l...j::: .:: 
~t~0 A : (0M3!8,~3 ~ ~O.5~3:rl I~ ~NT»/jO 
~:?::;O F' --. (0 .. :::~C!;":I (: =:;; + «() .. :7.~.::·1<::;;~$ ii * p::-Y3"r;) <' 1. (.~ 
:570 L .. -. (1 .. 1.1~66 .~ (0 .. 433].1 ~ L,A"r))/10 
~.::EO [;\!D~'~';";;ClC 
590 DEF F'ROCFEM(\L.E~ 
F' 
1"1 .... 
:,i::,::?O ( 1 ,,'7·7~:.~C'j + (,0 .... :;;[1/,) ::!..::;: ~. l .. {::'J":;) / ::. U L .... 
: '/("'(\ CI\~D;~"F:UC 
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3. 1 Continued ... 
LOWER LIMB ANTHROPOMETRY 
-_._----------------_. __ .,--_. 
NAt'IE, I<.S. (F) D{lTE: 29/11/85 I"IASS: 65.4 I<g. 
--------_ .... ,-------------------_._--------------------------------------------
BODY HEIGHT 
GLUT. FUR. HEIGHT 
1/3 S-T/F HEIGHT 
MIN. CIRC. ABOVE KNEE HT. 
I<NEE JOINT HEIGHT 
MIN. CIRe. BELOW KNEE HT. 
CP,LF HE I GHT 
At,tt<LE HEIGHT 
P,NT. TH. SKI NFOLD 
MED. CALF SI<INFOLD 
175.2 
82.4 
77.2 
5~; .. 8 
48 .. ~3 
46,,7 
~$4. 3 
12.7 
21.0 
15.0 
SITTING HEIGHT 
GLUT. FUR. GIRTH 
1/3 S-T/F GIRTH 
MIN. CIRC. ABOVE KNEE GIRTH 
I<NEE JOINT GIRTH 
MIN" CIRe. BELOW I<NEE GIRTH 
CALF GIFnH 
ANf<LE GIRTH 
POST. TH. SKINFOLD 
LAT. CALF SKINFOLD 
87.4 
57 .. ~$ 
C"C" 1::' 
, ... )....1 .... J 
36.2 
:36 .. :.:j 
37.0 
21.6 
26.0 
1~5. :3 
_._-------------------------------------------------------------------_.-
261.3 
245 .. 1 
104. :;-; 
87.7 
106.0 
108.9 
37.1 
VOLUI'lES 
1316.0 
:3972,,0 
508 .. 0 
174.0 
1333.0 
1510.0 
cm-;:F~ECTED AF~EAS 
184.7 
171.2 
58.4 
46.1 
80.4 
82.9 
22 .. 7 
CORRECTED VOLUMES 
925.0 
2571),,0 
276.0 
112.0 
1012.0 
1072.0 
TOTAL VOLUI"IE: 8813 FAT FREE VOLUME, 5968 MASS*100/FFV: 1.1 
UPPER LEG VOLUI'lE: 5797 UPPER LEG FFV: 3]71 LEG FAT: 32 .. 3'l.. 
3. 2 Optimised Peak Power Output 
1 I) REt'1******C/EROGt>1ETER******** 
20 REt1****SET UP FOR 500 HZ**** 
3121 U=59459:F'=59471 
40 POKEU .• 255 : POKEP .• 0 
50 pm:E5946:;:', 14 
6!) IFATHEN82(1: REr'l M/C LOADED FLAG 
70 : 
8'3 F.:Er1 F It,ID OUT ~1ErIOF.:',.' SIZE 
90 PF~ ItH CHF.:$ ( 147) ; 
100 t'1S=32 
110 F.:EM SET TOP-OF-RA~1 
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120 IF NOT( (MS=16)OF.:alS=32» THEN PF.:ItH: PRItH"EH?" :GOTO lOO 
130 REM TR IS EFFECTIVE TOP-OF-F.:AM (SET lK B',.'TES BELm,! I~EAL TOP) 
1.40 TF.:= MS*4-!Oi 
150 RE~1 SET STAF.:T OF BUFFEF.: TO $2400 
160 88=36 
170 REM SET Et..jD OF BUFFEF.:S TO (NEt-10R',.' SI ZE-2n 
180 8E=(t'1S-2)l1;4 
190 
200 POKE 4:;:',255 : POKE 49, TR 
210 POKE 50 .• 255 POKE 51, TF: 
220 POKE 52,255 POKE 53 ... TR 
230 D I ~1 CH (8) : F.:Et-1 AF.:F.:A',.' FOF: CHAt,INEL. t..jUt'18ERS 
2413 RE~1 DEe roE ~IHEF.:E THE PF.:OG. I S GO It,G 
250 SP=MS»A-3 F.:Et'1 1. /21< BELml TOP-OF -F.:Ar1 (t..jEI.,j) 
260 GOTO 540 
270 
28!) F.:EN F.:EAD I N ~V'C PF.:OGF.:AM 
290 F.:E~1 STAF.:TS AT 'SA'· 
3')0 F.:Et'1 F:EPLACE ALL ")<W' ··S B',.' THE VAF.:IABLE 'SP·· 
310 F.:Et'1 At·m ALL "ZZ" ,. S 8'l SP+ 1. 
32') 
330 Z=~3 
340 F:EM ,.**, TEF.:t'1It·lATES THE DATA 
350 F.:EAD A$: IF A$="**" THEN RETUF:t, 
360 IF A$=" )<:W' THEt·j 430 
370 IF A$="ZZ" THEN 450 
380 F$= LEFT$ (A$, 1 )': GOSUB 480: C='.,I 
390 F$=F.:IGHT$(A$,1): GOSU8 480 
40(3 POKE SA+Z,C*16+V 
41(3 Z=Z+l 
420 GOTO 350 
430 POKE SA+Z,SP 
440 GOT0410 
450 POKE SA+Z,SP+l 
460 GOT0410 
470 : 
480 RE~l V=DEC HlAL VALUE OF HE)'; CHAI~ F$ 
49'3 : 
500 F=ASC(F$) 
510 IF F<:58 THEN V=F-48 :F.:ETUF.:t, 
3. 2 Continued ••• 
520 V=F-55 :RETURt'l 
53~J : 
5413 REf'1 ~lANT f'VC OFF DISK? 
55~J : 
5613 GOT06213 
5713 
5=)0 : 
60(1 : 
610 
6213 PRHlT":IIlII!.l~JmJl!lM~- t-L - --I r-,-I -_ 513.;?! I"," 
-630 PRINT"~~l!!r~""~"'----1;-0"---- ---". 
6613 PRINT"Jru;ro7 O-,LL .. I t_1 o!>/~ 11'6 O-,LL ""I n 1'> 1--.',-_" 
67~3 PRItH"&'l.rL --'b~- oo!>-,I 0 hL- -, rI/ '" 1 ',,~,r-- 1 I~/_J .. " 
680 SA=SP:+:256 
690 Gc/SUB 270 
700 SA=SP*256+36 
710 GOSUB 2713 
72~J SA=SF'~~256+ 74 
7'30 GOSUB 27~J 
740 SA=SP*2~i6+161 
750 GOSUB 270 
760 SR=SP*256+230 
770 GOSUB 27(3 
78121 SA=SP*256+249 
79'~ GOSUB 27~J 
8~1I0 SA=SP~Jt:256+261 
81121 GOSUB 2?~J 
82(1 GOSUB 1:=:313 : REf'! GET PARA~!S FRO~1 USER 
8313 RE~1 ENTER USER PFIF~Af'1S 
8413 RE~1 1. TABLE POSITIot-l 
E:58 
86(l TT=<SP-1> : PT=SP;II256 
870 POKE PT+171,TT 
88~3 POKE PT + 1813, TT POKE PT + 186, TT 
8913 POKE PT+21313,TT : POKE PT+2136,TT 
9~)13 : 
910 Ra1 2. PF: HlAR'r' ADDR 
920 POKE PT + 77', PA+64: pm:E PT + 1013, PA+64 
9313 POKE PT+12~~,PA+64 
9413 : 
3. DELAY PARA~1ETERS 
DELA'T'=4lfo;Lm.l+ 11328;11H IGH+ 1 ~319+( CHAt~NELS-1 > ;11954 
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9513 
968 
9713 
REf'! 
REM 
RE~1 
REf'1 98(~1 
990 : 
10130 
10113 
HHERE LO~l,HIGH Af<:E THE Lm·l At~D HIGH B'T'TES OF THE DELA'T' 
DL IS THE DESIRED DELAY (liS) 
POKE PT+235, H1H DL/ H328) + 1 
POKE PT +237, INH 11328;11(DL/Hl28-INHDL/1028> >/4)+1 
113213 : 
10313 REf'1 4. t~UMBER OF READ It~GS 
113413 tH=(t~R+l >/256 
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3. 2 Continued .•• 
1050 IF NT<>It~H~lT) THEN POKE PT+163 .• 256lf>;(1-(tH-ItH(t~T)): GOTO 1070 
Hl6~~ POKE PT+163 .• 255 
1070 POKE PT+165,INT(NT)+1 
1£1:3£1 : 
1090 REM 5. TABLE OF SECONDAR'r' ADDRESSES Atm BUFFER POItHERS 
ll1X) Od.3 : TS=(SP-l >*256 : REM "0" IS OFFSET, 'TS" IS TABLE START 
1110 FOR K=1 TO t·lC DO 
1120 REM SECONDAR'r' ADDR. FOR CHAt~t~EL. CH 
113~21 POKE TS+O,CHOO+96 
1140 RE~l LOI.,j B'r'TE OF POItHER 
1150 pm:E TS+O+ L 254 
1160 RHl HIGH BYTE OF POItlTER (BZ IS BUFFER SIZE Hl PAGES) 
117(1 POKE TS+0+2, (BS+BZlf>;0/3)-1 
118~3 O:::O~,"3 : t·~E~~~T 1< 
1190 REN 0 B'nE Et·lOS TABLE 
1210 
1221~ PR I NTCHF~$ ( 147) ; CHR$ ( 18) ;" I IT AtN KE'r' TO BEG I WO 
1230 GOSUB 1570 
1251) POKEP, 191 
1260 PR HlT CHR$ (147) ; "LOGG WG • ••••• " 
1270 REN EtHH'T' AT $l<:)<:Al 
12:30 SYS 0:: SP,+;256+ 161): RE~l GET THE CORRECT STAF(T ADDRESS! 
129~) pm:EP, 95 : FOF:K= 1 T0200 : t'lEl<;1" 
131313 POKEP,0 
1310 : 
1320 PF( ItHCHR$ (147) ; "··'-':1 ','OU ~H SH' TO VI E~'l THE' DATA?"} .. -
1330 GOSUB 1570: IF t~OT (O::F:t="t~") OR (F$="'r'''» THEt~ 1330 
1340 PRINTF$ : IF F$C'"'r''' THEt·l 1370 
1350 REN O/P DATA 
1360 GOSUB 1430 
137~) PRINT :PRIt,IT " --;<IT ",-'HART O"/ER _-....EPEAT " 
13:3~~ GOSUB 1570 
1390 IF NOT( (F$="E":> OR (F$="R") OR (F$="S":>:> THEt·l 13:31~ 
1400 IF F$="E" THEN 2930 
1410 IF F$="R" THEN 830 
1420 GOTO 8213 
1430 
1440 : 
1450 : 
1460 
1470 
148(1 BN=I: S=9216+(Bt·l-1)lf>;BZ*256 :REt'l STAF~T OF BUFFER 'Bty 
1490 PR I NT : PR ItHS, S+t~R*2 : PR It~T 
151313 FOR J=S TO S+(t~R-1)l~2 STEP 2 
1510 PRIt~T PEEK(J)+16!01,PEEK(J+l), 
152~) GET A$ : IF A$O"" THEt·l 1440 
1530 t~El<T J 
1540 GOT01370 
1550 REM ** USER INTERROGATION O:!) 
1560 : 
1571) GET F$ : IF F$="" THEt~ 1570 
3. 2 Continued ••• 
1580 F~ETURt~ 
159'3 : 
1600 REt'l DECH'lAL H1PUT USHlG 'GET' 
1610 REM VALUE IN 'DV' 
1620 : 
1630 DV=~) 
1640 t,ID=0 
165'3 GOSUB 157'3 : RE~l GET A CHAR. 
1670 IF V=-28 THEt~ 1770 : REt'l DELETE 
16:,::0 IF ...,=-35 THEt·l 17'50 : F:Et-1 <CR) 
169'~ IF ("1<:0) OR (',/)9) THEN 1650 
1700 PR ItHF$.: 
1710 0...,=0"1*10+..., : REM ADD IN NEW DIGIT 
1 720 t~O=t~O+ 1 
17:3121 GOTO 165') 
1740 RE~l DEAL WITH <CR) 
1750 I F t~oc·o THEt~ RETURN 
17'60 GOTO 1650 
1 770 RE~l DEAL ~H TH DELETE 
1780 [I',/=INT(D',//10) 
179'~ IF NO)0 THEt~ PRINT CHF~$(20); 
1800 t~D=t~[I-l 
18113 GO TO 165,) 
1820 
1830 
1(::40 : 
1:350 
1860 
187'0 : 
1880 
1::390 PA=7 : GOTO 1920 
1900 PR It~T : PR ItH " ....EG!U I REO PR HlAR'r' ADDRESS? "; 
19U~ GOSUB 1600 : PA=D..., : IF PA)·30 THEN 19'3') 
192\) OPEt~ 1 ,PR :GET#1 ,R,t :CLOSEl : RE~1 CHECK DE'.!. PRESEtH 
19:30 t~C=1 
1940 : 
1950 
1960 
1971) CH ( 1) =,) 
.. "1980~---"---"-·-·· 
199121 
2000 
2010 
2020 
203121 REt1 ~lORK OUT MEt'10R'r' SPACE NEEDED FOR BUFFER 
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2040 REM ··~1R' IS REQUIRED ~1E~10R'r' m PAGES 0: 1 PAGE=256 8't'TES) 
2050 RE~1 AU,lR'r'S ROUt~D BUFFER SIZE PER CHAt4t~EL UP TO NEAREST PAGE 
2060 RH1 ~lOF.:K OUT BUFFER SIZE 8Z 
21370 BZ=INT<t,IR/256+0.999)*2 
2080 ~1R=~lC*BZ 
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3. 2 Continued ... 
2\~9(3 I F ~lR+8S:>8E THEN PR It-H U ?t~OT Et~OU(iH NEr'10R'r' FOR 8UFFERS": (iOTO 19:::(1 
210~3 
2110 GOSUB3000 
2120 : 
2130 
2140 : 
215121 i1 ',' 
2160 IF DL<0 THEt·J PRIt-H: PRIHT"?',ItHr1UN DELA'r' IS" ;t·lO; "U"" :GOTO 2110 
2170 IF DL)'260HlO THEt~ PRItH:PRHH"?TOO LARGE" : GO TO 2110 
2180 PRIHT 
219'3 RETURt~ 
2200 REt'l THE t'lACHHJE CODE 
22H3 : 
222'3 REt1 TALl< lI:* PUTS (It-JE B'nE OUT. 
2230 Ral B'nE FOR OUTPUT IN ACC. 
2240 REN STARTS AT $)<)<:00. 
22510 : 
226£1 DATA 48 ,AO".4~3 ... E8 ... 29 ,.,F8 .. E:D ,..40 ... ES , .. F19 ,3C ,r :=:D , .. 23 , .. E8 ... 68 
2270 DATA 49 ... FF ... 8D ... 22,E8 ... A9 ... 34 
2280 DATA 80,23,E8,A9,3C,8D,23,E8 
2290 DATA A9 . .,FF ... 8D ... 22 ... E8 ... 6~3 ... ** 
23~30 : 
231e1 REr'l LI :3TEN *')~ GETS ONE B'r'TE 
2320 REN PUTS IT IN Ace. 
2330 RE~l STI'lfnS AT $)<:)<:24. 
234'3 : 
2350 DATA A9,34,8D,21,E8,A9,FF 
2360 DATA 8D,4'3,E8,A9,FD,8D,40,E8 
2370 DATA ACI ... 20 ... E8,451,FF ... 48 ... A9,3C 
23:::0 DATA :'::O,21, .. E8,A9,34 ... 8D ... 21,E8 
2390 DATA AS' .. FF ... 80 ... 22 or E8 ... 68 
240'3 DATA 60, ** 
2410 
242'3 RE~l GET ONE ** TAKES 1 SAt'1PLE 
24:30 F:E~l At·m STORES: IT It~ A BUFFER 
2440 F:Et'l (START OF BUFFER It-J LOCATI ot~S 
2450 F~EN 01 At,D (2) 
2460 REt'l STARTS AT :f')<:)NA. 
~~470 
2480 DATA A0,00 
249(;1 DATA A9 ... 47 ... 20,00 ... ~<:~(: 
25~~n3 DATA A9".67 ,20,0~~1 ... ~<:~<: 
~10 DAm M,70,~,OO,XX 
2520 DATA A9,5F ,20,00'~<~<:J'20,05 ... ZZ 
2530 DATA A9 ,47 ... 2~) ... 00,~~:~< ... A9, 7'4 ... 20,00 ... ~~:X ... 20 ... 05 ... ZZ 
2540 DFiTA 20 ... 24J'~<:~<J'4E: ... A9,5F J'20 ... ~30 ... )~:}~: ... A9 ... 47 ... 20 ... 00J'~~:X 
2550 DATA A9 ... 78 ... 20 ... 00 ... ~:~~:,20,.05,ZZ 
2560 DATA 20 ... 24,XX,4A,4A,4A ... 4A,91,Ol 
25713 DATA 20,F9,~<~<,68 ... 91 ,01 .. 2e,F9 .. X~< ... A9,5F 
258~3 DATA 20,00,X~< ... 20,05,ZZ ... 60,** 
;:590 
3. 2 Continued •.• 
260~3 : 
2611:3 RE~l l'lUTIPLE CHANt~EL ~lAm ROUTIt~E 
2620 RE~l STAF:TS AT $X),:A1 
2630 
2640 DATA '-7'8, A2 ;00:;-A9, 02- ' 
2650 DATA 48,A0,00,B9,~30,.7'0,FO,25 
26613 DATA E:D ~52~)<)~~J"C8 ... 89 ... O~3, 70,:35, 1211 
26713 DATA C8 ... 89,00,70,85,02,98,48 
268121 DATA 2~J ... 4A ,. )..::~~: ... 68 .. AB ,If fi5 .. 02 .. 99 .. ~3~3 
26913 DATA 70,88,A5,01,99,00,70,C8,C8 
27EU] DATA D0,D6,20 .. E6,~(:X,E8,D0 .. 08 
2710 DATA 68,18,E9,00,D0,C7,58,60 
272121 DATA EA,EA,EA .. DO,Cl,** 
2730 : 
274(1 RE~l DELA',.' ROUTINE 
2750 r~Et'l :3TARTS AT $~~:~-.::E6 
276121 
277€1 DATA 98,48 ... 8A ... 48 ... AO,01 ... A2 ... 01 
2780 DATA CA, 00, FD, 88, DO " FA, 68, AA 
2790 DATA 6:3,98,60,~,* 
2:30'3 
28UJ REt'l INCPTR ** IHCREr-1Et~TS BUFFER POIt..fTER (1211 ... 02). 
2820 REt-1 STARTS AT $)~:)~:F9. 
2830 : 
2840 DATA E6 ... 01 ... DO .. eI3 ... E6 ... 02 ... 60 
2:::50 DATA 8D,FF ,FF ,DO,FA,** 
28613 : 
2870 REM ATNUP ** RAISE ATN. 
2:::8(1 F:E~l STARTS AT $Z205 
2890 
2900 DATA AO,40,E8 ... 09 ... 04 ... 80,40,E8 .... 60 ... ** 
2910 : 
2920 : 
2930 PR It~T" :J-ATA STOF:AGE l'lAP •••• " : PR I NT 
2940 PR It~T" I UFFER -tiAt~t~EL "HART -HO " : PI': ItH 
2950 FOR ~:= 1 TO NC 
2960 8=9216+(1(-1)*8Z*256 
297"3 PR WT K, CH (K) , S ,S+t~R*2 
2980 t..JE~<T K 
'2990 DLOAD" D/SAVE C/ERG" 
3000 RE~lU'lI'DELA',.' SET UP*** 
301 ~3 PR I HT" :]N~lIDIII!Ull!lHII!J!I"-I.":FREG!UEt,~C',.' 5(10 HZ" 
3015 PR WT" l:!l9J1iJllPUt~N It~G TI ~lE" ' 
3'320 PRINT":mJ!IJ!lU!.l8 SECS •••••••••••• 1" 
303~] PR I t-IT 11 !OCU!1!..U!.I10 SECS ••••••••••• 211 
3035 PR I NT 11 :rtIQ'It!l!PI15 SECS ••••••••••• 3" 
3040 PRItH"~LEASE EtHER REQUIRED OPTIOW' 
3050 GETG$: I FG$=" "THE~~305~3 
3055 DL=755 
306'3 I FG$=" 1 "THEt~NR=4000 
3070 I FG$=" 2" THEt~t~R=5~300 
3075 I FG$=" 3 " THEt~t~R= 7500 
3080 IFG$a"1"THEN3110 
3090 IFG$="2"THEN3110 
3095 IFG$."3"THEN3110 
310'3 GOT0301121 
3110 RETURt~ 
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3. 2 Continued ... 
10 PEM********D/SAVE C/ERG********** 
20 REt'1******:+:8 SECS. 500 HZ*******:+::+:*~: 
30 POKE5946:::, 12 : A=9216 
40 PRHlT"::X']!!I!I~~/ERGO~lETER DATA SAVE" 
50 INF'UT"~[lEIHER SUBJECT"S ItHTIALS... ";NA$ 
60 INPUT" l!]~.EI~TER MASS H~ KGS.......... "; rl$ 
70 INPUT" ll]!jEIHER ~KlRK LOAD IN KGS..... "; L$ 
8(1 RT =8: F =50~3 : NR=RT*F 
913 8$=" 11 
1 0~3 PR I NT" llUlll!.lll!J.<lI At'l RECORD HlG '.,'OUF: DATA " 
110 PR Itn" llnra'"LEASE !·lA IT FOF.: THE I~E)<T PROMPT" 
120 PR I l·lT" nIl!JI!.I!Ir~BEFOF.:E TAK It··IG FURTHER ACTI OW 
130 N~;=I~A$+S$+rl$+S$+L$ 
140 DOPEI~*I, (1-1$) ,DO,~l 
15~3 REt'l CH 1, BUFFER 2, Z A)<I:3 
160 FORJ =ATOA+ (2*1~R-2) STEP2 
170 PRII~T#l ,PEEKO)+16t.PEEKO+l) 
180 l·lE)<:LT 
190 DCL.OSE#1 
200 PRItH"llt.IDO YOU ~lI::;H TO CHECK ',.oOUR DATA ',.o/t'I"7''' 
210 GETQ$:IFQ$=""THEN210 
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22~) I FQ$C'" ',.0" THEt·l PF.: I NT" :::IllImI~lI!!JlllJI!.Ulm.j=·ROGRAt·l Et·lDS CHEER 10" : GOT0300 
230 DH1D(t~R) 
240 DOPEI~~U, (N$) ,DO 
25~) FORI=1 Tot-lR 
260 INPUT#I,DCI) 
270 PRItH on), 
28~~1 t~E~<:T 
290 DCLOSE~H 
300 PR It~T" llI!:!I!I!1!!.11!.1~J)ATA F I LED UI~DER "; I~$ 
310 Elm 
3. 2 Continued ... 
10 F.:EM**~l~lJo;,+, C/ERG DI''fTA At"AL'YSIS*~*lI"f. 
20 REM*~**U,~8 SECS. 500 HZ*******~~ 
3(1 PRmT"~I;:J::'yCLE ERGmlETER At"AL'ySIS" 
40 rt"PUT")lJ!EtHER SUBJECT rtHTIALS ••••• ";t·IA,'I' 
50 rt"PUT" aJENTER NASS IN KGS.......... "; 1'1$ 
6[1 It"PUT" llllF-tHER ~',IORI< LOAD It" KGS..... "; L$ 
7~3 t'l",VFiL< t'l$) : LO=VAL C L.$) 
80 RT=8 :F=500 :t"R=RT*F 
9121 S:t=1I 11 
100 t'U;=t"A:$+S:$:+~l$+S$+L$ 
110 PRINT")!:[[I!!l::lPLEASE HAt"G ON ~lHILE I LOAD THE DATA" 
120 DH1DCNR) ,)«30) ,F(30) "RE(3~~1) 
130 DOPEH'tll, (t"$ ) "D~3 
140 FOR I = lTot"R 
150 IHPUT#l,DCI) 
16~3 t·jE)<:T 
170 DCLOSE#1 
180 PF:It-jT"lru:Pt1TA LOADED PLEASE ~'lAIT FOR THE mjliL'T'SIS" 
190 REM*******lJo;DATA At,jAL'T'SIS***~***~* 
2~30 K=-l: 1=1 
210 K=K+l :0=1 
220 FOR I = I TOt~R 
230 ~~:(K)=)«K)+l 
240 I F I <: (0+ 100 )THEt"26~3 
250 IFD( I »)-DC 1-1 )+100THEtH=I+l :GOT0210 
260 t-lE)<:T 
270 PRIt"T 
280 PP=0:PR=0 
290 FOF: I = 1 TOK-l 
300 XCI)=INTCXCIllJo;1000/F+.5)/1000 
310 FCI)=INT«6*LO*9.81)/XCI)+.5) 
320 RECI)=INTC60/XCI)+.5) 
330 IFF< I npPTHEt"PP=F( ~) 
340 IFREO »-PRTHEt"PR=RE(!) 
350 PRINTI,XCI),RECI),FCI) 
360 HE)<:T 
370 PRrtH"llJmI;?RESS "&,, FOR A HARD COP'Y" 
380 GETO$: I FO$=" "THEN:380 
39(1 REM*******HARD COP'T'********** 
40~3 T$=" C'T'CLE ERGOMETER" 
4H~1 U$=" " 
420 T$=CHR$(l)+T$:U$=CHR$(l)+U$ 
4300PEH1,4:0PEH2.4,1:0PEN3,4.2 
440 PF~INT#3 .. ... "99" .. 112. 999 11 .. "999" .. "9999" 
45~3 PR I NT# 1, "1!.I1!.II!n1l!:l" ; T$ 
460 PR I tH# 1 , "~JI[!!!ulI" ; L!$ 
470 PRINT#l 
480 PR ItH# 1 ,,"SU8,JECT ";HA$, "~lASS ";~1$, "LOAD ";L$ 
490 PRItH#l 
500 PRINT#l,," NI','I INT"," REV"," PWR" 
510 PRItH#l,," 
520 PR WT# 1 
530 FORI=lTOK-l 
540 PRIHT#2"I.XCI),RECI),FCI) 
550 NE~<T 
560 PRItH#l 
570 PRINT#l" "PEAK RP~l ";PF:, "PEAK P~lR ";PP 
580 CLOSE1:CLOSE2:CLOSE3 
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3. 2 Continued ... 
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TRIAL DETAILS •. KSTA4 
VALUE 
:3 .. D. (t·~·-l) 
':'. D. O-D 
COf,:F: • I? -1 
ST. E"H. . 23:::: 
',' ,", 
1 • 6~3C1 
COEFF. OF '·.·'f1!~. 
DEG. n':. 3 
c· 
. -' 
POWER_ LOAD & RPM 
_____ • _______ • ___ H 
F'EI~I< pm·./EoR 
PEAK POWER/MASS = 11.6 W/KG. 
OPTIMUM LOAD = 63.5 NEWTONS 
OPTIMUM RPM - 119 
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6~3. :35 KG 
3. 3 Wingate Anaerobic Test 
100 RE~1====C/ERGm1ETER==== 
1113 POKE 52,13 :POf<E 53,124 :CLR 
120 DIMT(200),XC200).YC200).p(20e),FC200),AC200).BC2ee) 
130 A=59459:B=59471 
1,40 T$=" C'r'CLE ERGO~1ETER" 
15'3 U$=JI 11 
1613 T$=CHR$Cl)+T$:U$-CHR$Cl)+U$ 
17'13 POKEA.24e:C=I:p=O:PT-e 
1813 PRItH:PRItH"~Ill."~'r'CLE ERGot-1ETER El<PERH1EtH" 
190 PR I HT: PR I HT" fl!l!J!!.U!JtIll:lPLEASE EtHEr;: THE FOLLOf,H t·1G" 
2130 PR It~T : I HPUT" SUBJECT CODE............. "; A$ 
2U~ PRIHT: H~PUT"DATE. • • • • • • • • • • • • • • • • • • •• ";0$ 
220 PR I NT : It~PUT" 80D', r-1ASS It~ KG.......... "; 8M 
2:313 pr;: It~T : It~PUT" ~-IORK LOAD It~ KG.......... "; LO 
2:35 PRItH: ItiPUT"TU1E PERIOD It~ SECS...... ";P$ 
2413 PF: ItH : PR ItH" i!JI!JU!JU!JIIJ>:PRESS At~'T' KE'r' TO :=;TART" 
25(1 GETQ:f;: I FO$-" "THEt·1250 
2613 TI$_"0eeeee" 
27'0 IFPEEKCB)=15THEN27'0 
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280 IFPEEK(B)=14THEHTCC)-TI:PRINTINTCCTCC)/60)*10+.5)/10,TCC) 
290 I FPEEK (8) _ 14 THEti290 
300 I FTI $:>" 00013" +P$ THEt·1320 
310 C-C+l:GOT027'0 
320 PRItiT :FHItlT"~U!!I!!!.I!J!J!.I3"lEASE ~·JAIT" 
330 FORI_1TOCC-l) 
340 XCI)=INTCCCTCI+l)-TCI»/60)*100+.5)/100 
350 YCI).IHTCCTCI)/60)*10+.5)/10 
360 FCI)-C6*LO*9.81)/XCI) 
370 t..fEXT 
380 P(2)=INT«.25*F(1»+(.5*F(2»+(.25*F(3») 
390 PCC-2)=IHT( C. 25*FCC-3) )+C. 5*FCC-2) )+C. 25:+;FCC-l») 
400 P(I)_INTCFC1»:P(C-l)_INTCFCC-l» 
410 FORI_3TOCC-3) 
420 PCI)_IHTCC.l*FCI-2»+C.2*FCI-l»+C.4*FCI»+(.2*FCI+1»+C.l*FCI+2») 
43(1 NE)<:T 
4413 FORI=lTOCC-1) 
4513 IFPC I »),pTHENP=PC I) 
4613 RT=RT+PCI) 
480 PD=INTCCP-PCI-l»+.5) 
490 ~lP=ItH«RT/CC-I)+.5) 
5130 )<:=It~T< CP/8m:oI.:l00+. 5)/100 
510 'r'=IHTC (~lP/8m*10e+. 5)/100 
520 PRItiT :PRUlT"pm·JER" ," ~VPOj..JER" • "P/j..JT" ,"r-1 P,'~·JT" 
530 PRItH :PRIHTP ,~lP ,)<.'r' 
540 PR I tH : PR I HT" :+::O~*******~:****************~:*:+;***********" 
550 PRmT :PRINT"~"II!IWI:lHARD COPY OPTIOt~s" 
560 PR I NT : PR ItH" mJ!!.nFtLL DATA ------------- 1" 
580 PRItH :PRItH"I!.U!J!JI!.F(Ut~ AGAm ------------ 3" 
590 PR Itrr : 1 NPUT" !.IIlll!.ll!lJ.::tHER OPTI Ot~!lYJH!UIH" .: H 
_600 I FHO ORH:>3THEtiPR ItH":::rn" : GOT05ge 
3. 3 Continued ••• 
610 IFH=l THEH640 
620 I FH=2THEt~550 
630 IFH=3THEt'lRUH 
640 OPEtH ,4 
650 OPEt'l2, 4, 1 
66'21 OPEH3,4,2 
680 PR ItH#1 ,"UmI'.L'! .. JlJ";T$ 
690 PRItH#l, "l!.lU!IU!lil!.l" ;U$ 
700 PRItH#1 
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710 PRIHT#1 ,A$ ,0$, "~lASS" .:B~l; "K. G", "I~OR~: 
720 PRIHT#I' 
LOAD";LO;"K.G" 
730 PRIHT#I,," H","TIME","IHT"," PWR" 
740 PFn t~T# 1 , , " 
750 PRItH#1 
760 FORI=1TOCC-1) 
770 PRINTD2"I,Y(I),XCI),P(I) 
7~-30 NE~(:T 
7~m PRItH#1 
'---" 
800 PR HlT# 1, , "MA)<; P(II.1ER "; P , "t'lEAt~ PO~lEF.: "; MP , "I,lORK Dot~E "; t'lP*30 
81'21 PRIHT#1 
8213 PF: I NT# 1 , , "t'lA)<: P. ,"I,n • "; ),: , "~lEAt~ P. /~n • ";'''','' DECA',.. "; It~T (PD+ • 5) 
83'21 CLOSE1:CLOSE2:CLOSE3 
840 PRUIT :PRIt'lT":;J" :GOT0540 
850 OPEN4 A : n104 
860 PR I ~~T : PR I HT 
87[1 PRINT"U1J~"; 
8813 PR It~T"SU8_TECT CODE ";A$, "DATE ";0$" "~lORK LOAD"; LO; "K. G" 
890 PRINT"mnJ"; 
900 PRItH"---------------------------------
9113 PRINT :PRItH"!!.I!lII!.II!J!" ; 
9213 PRUlT"MA)<; POI,lER ";p, "~lEAt~ POI·IER ";~lP, "WORK Dot'lE ";MP*3'21 
930 PRItH :PRItH"UfD1Jl!.Il!!J" ; 
9413 PR It~T "~lFI)<: P. ,"~n. ";)<: , "t'lEAt~ P. ,,'I,n. "; Y , "DECA',.. "; It~T 0: PD+ • 5 ) 
9513 PRItH :PRWT"m..ll!Jl!.l" ; 
9613 PR I HT" *********~,*,"'**************************'I,,""****************,+;"1,,+,*** 
9713 PRIHT#4 :CL08E4 
9:313 PRIt~T :PRItH";:J" 
9913 GOTO 1260 
10130 REt'l=======GRAPH I C8======= 
112110 G=59650 
1020 PRIt'~TII::Ju : 8',.'8G, 5 :S'T'SG .. C 
113313 REN PRINT A)<:IS 
104~) S'T'S G,SL ... 19 ... 67,319,67 
1050 SIT'S G ... SL,19,67,19 ... 187 
106'21 FOR Z=67T0187 8TEP10 :8',..S G,SL, 19,Z, 17 ,Z :t'lE)<T 
1065 R=300/VALCP$) 
11370 FOR Z=19T0319 STEPR :SYS G,SL,Z,67 ,Z,65 :t~E)<:T 
1080 SIT'S G .. SP ... 19,67 
1090 FORK=1TO(C-2) 
1100 ACK)=INTCYCK)*R+19.5) 
3. 3 Continued ••• 
1110 BCK).INTCPCK)!10+67.5) 
1140 SYSG.SL.ACK).BCK) 
1150 t~E)<:T 
1175 GOSUB 5000 
1180 PR ItH : PR I NT" DO 'T'OU HANT A HARD COPY ('T' /t·1) ?" 
1184 GET Q$:IF Q$."" THEN 1184 
11 :38 IF Q$." t~" THEt~ S'T'S G. C: GOTO 540 
1192 IFQ$<>"Y" THEN 1210 
1196 PRItH"::l" :GOSUB 5ml0 
1210 OPEN4.4:CMD4 
1220 PRHH .• T$ 
123(1 PR ItH • U$ 
1240 PRHH#4 :CLOSE4 
125~3 GOTO :350 
1260 OPEN4.4:CMD4 
127~3 SirS 31744. 
128'3 PRHH#4 :CLOSE4 
1290 SIr'S G.rC 
1300 OPEt~6.4.6 
1::::10 PF.:ItH#6.CHR$(27) 
.1320 CLOSE6:GOT0540 
~;00(1 FORZ.l TO 19 : PR I NT : t~E){T 
5~.HO PRItH" ~lA)< P ";P;" r'lEAt~ P ";MP;" (.JD" ;~lP*30 
50213 PRItH" ~lA)': P!(·! ":){;" t'lEAN P/l·! ";'-.';" 0 ";PD 
5030 F:ETURt~ 
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Appendix 4 
Informed consent forms 
------- ------
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4. 1 Reproducibility of OP and Anthropometric Measures 
1. PURPOSE 
2. PROCEDURES 
3. QUERIES 
4. WITHDRAWAL 
BEDFORD COLLEGE OF HIGHER EDUCATION 
POWER STUDY, MALE AND FEMALE 1985/87 
I N FOR MED CON S ENT FOR M 
To compare short duration maximal intensity exercise 
in males and females. 
i) Girth, skin fold thicknesses and height measurements 
on the left leg. 
ii) Four maximal cycling bouts of eight seconds duration 
on an ergometer with five minutes rest between each 
bout. 
iii)On a separate occasion and within one week, 
the p~ocedures'are r~pAated. 
The activity bouts are strenuous and might produce 
feelings of nausea or giddiness. 
The investigators (E.M.Winter and F.B.C.Brookes) are 
willing to answer any queries a subject might have. 
A subject is free to withdraw consent and discontinue 
participation at any time without prejudice to that 
subject. 
5. CONFIDENTIALITY The identity of the subject will remain confidential. 
All data will be anonymous. 
6. CONSENT I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. have read and 
understood the above information and agree to take 
part in the study. As far as I am aware I do not have 
any infirmity which would be affected by the 
experimental procedures. 
SigIled ............................ . Date ........... . 
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4. 2 Reproducibility of WMP and Post Exercise HLa 
BEDFORD COLLEGE OF HIGHER EDUCATION 
POWER STUDY, MALE AND FEMALE 1985/7 
I N FOR MED CON S ENT FOR M 
1. PURPOSE 
2. PROCEDURES 
3. QUERIES 
4. WITHDRAWAL 
5. CONFIDENTIALITY 
6. CONSENT 
To compare short duration maximal intensity ~xercise 
in males and females. 
i) Girth, skin fold thicknesses and height 
measurements on the left leg. 
ii) One maximal cycling effort of thirty seconds 
duration with a finger prick blood sample taken 
before and after the exercise. 
iii) On a separate occasion and within one week the 
test is repeated. 
The actlvlty bout is strenuous and might produce 
feelings of nausea or giddiness. 
The investigators (E.M.Winter and K.W.Roberts) are 
willing to answer any. queries a subject might have. 
A subject is free to withdraw consent and discontinue 
participation at any time without prejudice to that 
subject. 
The identity of the subject will remain confidential. 
All data will be anonymous. 
I ......................•................ . have read and 
understood the above information and agree to take 
part in the study. As far as I am aware I do not have 
any infirmity which would be affected ~ the 
experimental procedures. 
Signed ................................ · Date ....•..... 
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4. 3 The Relationship Between opp and WMP 
BEDFORD COLLEGE OF HIGHER EDUCATION 
POWER STUDY, MflLE AND FEr.<,ALE 1985/81 
I N FOR MED CON S ENT FOR M 
1. PURPOSE 
2. PROqEDURES 
3. QUERIES 
4. WITHDRAWAL 
5. CONFIDENTIALITY 
6. CONSENT 
To compare short duration maximal intensity exercise 
in males and females. 
i) Girth, skin fold thicknesses and height measurements 
on the left leg, 
ii) Four maximal cycling bouts of eight seconds duration 
on an ergometer with five minutes rest between each 
bout. 
iii)On a separate occasion and within one week - one 
maximal cycling effort of thirty seconds duration. 
'I'he activity bouts are strenuous and might produce 
feelings of nausea·or giddiness. 
The investigators (E.M.Winter and F.B.C.Brookes) are 
willing to answer any queries a subject might have. 
A subject is free to withdraw consent and discontinue 
participation at any time without prejudice to that 
subject. 
The identity of the subject will remain confidential. 
All data will be anonymous. 
I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. have read and 
understood the above information and agree to take 
part in the study. As far as I am aware I do not have 
any infirmity which would be affected by the 
experimental procedures. 
Signed ............ ! •••••••••••••••• Date ........... . 
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4. 4 The Muscle Elasticity Study 
1 PURPOSE 
2 PROCEDURES 
'3 QUERIES 
BEDFORD COLLEGE OF HIGHER EDUCATION 
POWER STUDY, MALE AND FEMALE 1985/89 
INFORMED CONSENT FORM 
To compare electro mechanical delay in males 
and females 
1) Girth, skin fold thicknesses and height measurements 
on the left leg. 
ii) Electromyographic recordings from the soleus and 
vastus lateralis muscles of the preferred leg, 
which will be repeated 168 hrs. later 
11i iFour maximal cycling bouts of eight seconds duration 
on an ergometer with five minutes rest between each 
bout. 
The activity bouts are strenuous and might produce 
feelings of nausea or giddiness. 
The investigators (E.M.Winter, K.W.Roberts and F.B.C.Brookes) 
are willing to answer any queries a subject might have. 
", 
'4 WITHDRAWAL A subject is free to withdraw consent and discontinue 
participation at-any time without prejudice to that 
subject. 
5 CONFIDENTIALITY The identity of the subject will remain confidential. 
All data will be anonymous. 
6 CONSENT I.. . . • • • • . • • . . • . . . . • • • • • . . . . • . • . • . . . . . • • • • .. .. .. .... have read and 
understood the above information and agree to take part in 
the study. As far as I am aware I do not have any infirmity 
which would be affected by the experimental procedures. 
SigIled ................................................................. .. Date ...•.••..••.• 
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Appendix 5 
Code of practice for the blood sampling 
page 257 
1. Ask if the subject is a known carrier or is suffering from AIDS or 
Hepatitis B. Exclude subjects in this category. 
2. Exclude subjects who have any obvious open wounds on the hands. 
s ," 
3. Any cuts on the experimenter's hands or wrists should be covered with 
waterproof adhesive dressing before taking samples. 
4. Regularly laundered coats should be worn. 
5. Prepare the tray with the equipment 
Lancets or auto lets 
Sterile swabs (Medswabs or similar specially prepared product) 
Appropriately labelled and prepared sample tubes 
Hazard bags 
Sharp keeper 
6. The experimenter and the subject should wash their hands thoroughly with 
soap and water, using a nail brush if necessary. 
7. A "no touch" technique is employed and dispoable gloves should be worn when 
taking and handling samples. 
8. Swab the site of the puncture; dispose of.the swab into the hazard bag. 
9,".Stab the cleaned:area with a lancet or autolet and take the sample into the 
capillary tube. 
lO;.Transfer the sample into t~e sample container and mix thoroughly. 
11. Used lancets should be placed in a sbarpkeeper container marked with the 
OSHA Biohazard symbol. The sharpkeeper should be sealed when the experiment 
has finished and placed in a yellow clinical waste bag marked "Clinical 
Waste" for incineration. Discarded capillary tubes should be treated in the 
same manner. Used swabs and all non-sharp material should be placed in the 
clinical waste disposal bag. 
12. Cover the puncture site with waterproof adhesive dressings. 
13. Any blood contaminating the experimenter should be washed off with soap and 
water. 
14. Any spillage of blood should be cleaned with swab containing bacteriocide, 
2% bleach. 
15. Swab down handlebars of cycle if used. 
16. Wash hands before leaving laboratory. 
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Appendix 6 
Raw data from the trials which assessed the reproducibility 
of the anthropometry 
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6. 1 Men's Stature (cm) 
PEARSON PHODUCT I"Iot1ENT COHf,ELATION COET'FICIENT 
****1E'1o(.**.j('*******'***-iI:.*-;;.***********i:E·**·1t*·1t*****.1(-* 
DBS VAR.. X" VPIF< ~ y" 
NO. TEST MHT RETEST MHT 
1 
"' .. 
:;;; 
4 
10 
"1 
Ei 
9 
10 
176.500 
1. 8 1t. 700 
176.600 
172.000 
188.200 
1'70.600 
179.100 
1 '713. 600 
175.1000 
188.500 
NUMBER OF DATA PAIRS 10 
TEST MHT 
~'IEAN 179. 04 
STANDARD DEVIATION 6.242008204 
176.900 
184.000 
1710.0,00 
1. 72. :500 
188.200 
171.300 
178.600 
179.000 
175.700 
18B.800 
HET EST MHT 
179. 12';>'''977 
6" 068140£:355 
COHHELATION COEFFICIENT 
WITH 8 DEGHEES OF FHEEDOM 
0.9'17'1510917 
"t" TEST FOH COFlRELATED DATA 
**************************** 
MEAN OF DIFFERENCES -8.9999991fo4E-2 
SH\I\IDAHD DEVIATION OF DIFFEF<ENCES 0.43010326039 
"t" VI~LUE -0. 6608997099 
WITH <;> DEI3F,EI::B OF FHEEDOI'1 
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6. 2 Men's Body Mass (kg) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS 
NO. 
V(~f'. X. VAF~. V. 
4 
5 
6 
7 
8 
9 
10 
TEST Mi-\SS 
81.000 
70.600 
72. ~~jOO 
72.300 
71.750 
82.600 
'7"~. 400 
73 .. 500 
70.400 
73. 5~:iO 
NUMBER OF DATA PAIRS 10 
TEST I"IASS 
MEAN 7 LI. 25999996 
STANDARD DEVIATION 4.18488018 
I~ETEST MASS 
82.000 
70. ~~50 
72. O~50 
72.700 
72.700 
81. 4()0 
74.100 
75. :,':00 
72.200 
72. f350 
F1:ETEST 1'1{~SS 
74.58500001 
3.953693771 
CORRELATION COEFFICIENT 0.9690077039 
WITH 8 DEGREES OF FREEDOM 
. "t" TE~n FOF( Cm,r;;:EUHED DATA 
**************************** 
MEAN OF DIFFERENCES -0.324999997 
STANDARD DEVIATION OF DIFFERENCES 1.038762616 
"t" VALUE -0.9893889276 
WITH 9 DEGREES OF FREEDOM 
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6. 3 Men's Sitting Height (cm) 
PEARBDN PRODUCT MOMENT CORRELATION COEFFICIENT 
*,*.·l:t***·*·**·*·~·*·/I:o*·r.·lI:-*·If"*·***·*·****··*,*·*·**·lE·***.·~·j(·*·K**,*·*·~*· 
OBS 
NO. 
VAR. X. VAR. Y. 
1 
2 
3 
4 
5 
6 
7 
13 
9 
10 
TEST MSiH 
90.300 
97.900 
91.200 
94·.600 
94.400 
9B.OOO 
92 .. 200 
92.BOO 
er:')" ~:;O() 
95.400 
NUMBER OF DATA PAIRS 10 
TEBT ~ISH 
ME?\N 94. 20999998 
STANDARD DEVIATION 2.606594204 
CORRELATION COEFFICIENT 
l'J ITH 8 DEGf,EEB OF FREEDClt1 
RETEST !'ISH 
89.900 
97.500 
91 .. 500 
94,,700 
94.000 
96.900 
92.100 
91.600 
95~ :::500 
96 .. 000 
RETEST t'lelH 
93.96999997 
2 .. 5781 :::::45~j5 
"t" TEfn For.;: CORREUHED D,'HA 
**************************** 
MEAN OF DIFFERENCES 0.2400000035 
STP,NDAHD DEVIATIIJI'I OF DIFFEREI\ICES O.5f:l~)4.761749 
"t" VALUE 1. :$00'7:':;2087 
WITH 9 DEGHEES OF F~\EE[)OI"I 
6. 4 Men's Subischial Height (cm) 
., , 
"', 
.,::. 
4 
r. 
Cl 
')nH" >:" 
''I' i:::~3T 
"? U" t\ .. )r) 
i.t·) " :;~O~) 
H:::::" :'~:uo 
~T2 .. oou 
91 .. ::::,(),") 
t:l6" :::!: ;::\ u 
80 .. :20C 
D.::)" :';~ 0·:) 
rE~:3T 
tu 
MEAN 8~"8299~~98 
~3·ri:.\\'.!.·)(\\:~r:- DE!jI(~TID!\1 ~)" (~'.l.! 10:l~ .. :;t;·:::::t 
"/ '? .. '.:'·~UO 
';11." :500 
97" :::~OO 
B7 .. 000 
7'.:;1. (~;()D 
~r;) ~ on·:) 
CC)~~~l~!l~~L.{~-r I [)!\! CDEFF' J C J t~.r·r· C,,. ;·;'9::'5/800(07 
WITH 8 DEGR~ES O~ FRE~DOM 
.. t. 11 T~:::~:n ;':'"(JFo! CU~-~~:';:EL.{)"f ED n(~ 1"'(,-1 
***~*************~.**.~****~.~* 
NUMGER CF DATA PAIRS 10 
MEAN OF DIFFERENCES -O~25999Y999 
Sr(~NDARD I)EVIATI[)~! OF DIFF!:::RENCES O .. 56~13H775 
IItl! Vf~LUE ,,-t .. 41:<26142!J 
W I'IH 9 llEI31'lEES UF FPEEr.m1 
page 262 
page 263 
6. 5 Men's Gluteal Furrow height (cm) 
F ;:~{~F:~::;Lil··,.j }":.;-:;:U D:..JC 'r 1"1 iJ;"j£:; i\i TeLl!:':!:;:!:: L..PI T 1 U~.J CiJL.I·~·~~··~ r:; 1 k~f'l"~" 
***·~**1~**~·*******'~'~·~***~**********i~*******k*** 
1 ·!7.6(~O 
::::: Hj .t;;o() 
4 '!9~9(;O 
:5 :J'~l·. HOc,., 
6 84.500 
7 77 .. 40(' 
8 "79n900 
9 83.100 
NlJMBER O~ CA'T(~ f~~IRS 
CORRELATION COEFFICIENT 
WITt~ 8 DEGREES OF FREEDOM 
i .-~ 
~, t.! 
lit" TSS'l- FtJR CORR~:L_'~'r'ED I)~TA 
******~~***.~**-~******** .• *.~** 
77.,90(, 
f37 n 900 
n:l. ~ :3,)(.' 
"'j" ;~,) " ::;:) 0 ':) 
~~C'" £·:·00 
::36 .. i ()O 
a/.l-~ dC,(j 
Sl'ANDARD DEVIA'j'ION O~ D]FF~REt~CES 1.28066823 
I. t 11 I,)(';L.Ui::' 0., 17:2B46D i lj 
WITH 9 DEGREES OF FREEDOM 
6. 6 Men's Subischial Height / Stature (%) 
DhS 
l'IU .. 
., 
., 
,-, 
.. : .. 
::~; 
.4 
~ 
•.. , 
le 
··-ifiH.. X" 
47" 7(1(' 
L\ 6" (~Ji)O 
Lj. (:~ .. i~!) 0 
/) ~~~" 1 {)() 
/:~5.]CO 
'!·H .. dOe: 
T:~:ST 
i.! 7 , ::~:::::: 
'I,''''· 
.. -,' 
'"I·(~ .. 2.00 
i+<b" h(/Cl 
ilf:;" :::,0(:: 
::5 i, ., ~jCG 
<'l":?" 2'.>C 
·-';1 .. {IO') 
F:;:t.T~:::.!:3-r 
At '? .. ,(:\.l\. Cl·) (: n () 1 
n -\:" 'rE~;'T FCn:~~ CC;::::S:f:::LI,! I:::T) !.}(\ lfi 
*.******~,***.~**********~.***** 
NUMBER OF DA'fA PAIRS 10 
MEAN CF DIFFERE~:CES -o.lbc9999999 
1It".1I Vp.L.Ur::: -,1 .. 1 :l94j~·S::S2 
WI1H 9 DEGREES OF FREEDOM 
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6. 7 Men's Gluteal Furrow Height / Stature (%) 
)·>t~:ffh:~:ir:hl F-F~n})U;':: r IVIUi'.':;:~X.1 T C;::H~Pl::~L(..~ T ::: ~:;i\1 t...Cl!~.:::·!::-.[ ~'~:r ~::}';T 
**'K'*~'~**-+~'*'~~~****~'*'*******'~**~****'~***~~*'**~.~ 
DES 
.'''\ 
,::. 
.l~ 5" :5( 1) 
.1;7 ~ 100 
V ;:~I~=': ~ l "' 
F\["ft:::;'r 
tl5,,20 r) 
,11,~:!.- 20U 
/!'~~M ,Sc.A) 
!I·~~ .. i30U 
ll,8~ '/00 
.I1·f"" 10e 
r!!!:: (.~ l',.! .:.!. ~:,7;" '7' 7 -1l-:::5" 9~?' 
STANDARD DE\'IA'~ION CM92861901~55 l .. 229995~~84 
C()RREL{;1"JON COEFFrClf~NT 
Wl'r~~ 8 DEGr~EES OF FREEDOM 
Ut 11 'I'F~;T 1,;'nF~ CClF<PEl...(.,l"r:.:::u I){',T() 
***.~*,~* .• ~*****.~.*~.*.~**.~****** 
M~AN OF DIFFERENCES 5.0000()015E-2 
11 .:: 11 \) {.': L. LH:':~ 0 M :~:? 6 (:. 0 ~5 1 ~y':y 
WI'l"H 9-DEGREES OF FREEDOM 
page 266 
6. 8 Men's Total Leg Volume (1) 
F'E,O,R~301\1 PFiODUC"r rIOl"lEt~T CDRmoUH I ON COEF'F I C I ENT 
************************************'.********* 
OBS VAR. X. VAR. Y. 
NO. TEST NTV RE TEST MTV 
1 
2 
3 
b 
7 
fJ 
9 
10 
9.170 
10 .. 200 
8 .. 650 
7.8;;iO 
8.420 
8.810 
B.400 
8 .. 520 
11 .. 3:::;:0 
9.0:3;0 
r·.IU~1!lEf~ 0:= D?Yf 1\ P{U RS 10 
TEST ~1TV 
1'1EP,N 9.0379999'19 
STANDARD DEVIATION 1.0161014B2 
CORREun I PN COEF'F I C I F.,:~rr 
WITH 8 DEGREES OF FREEDOM 
9.230 
9 u 8:'=jO 
8.440 
7.9"/0 
8.180 
El. 750 
B.450 
B .. 710 
1:1 .. 250 
8 .. ~'OO 
HE::TEST I"ITV 
fJ.973000001 
0 .. 9624::::;9\~)OEl5 
"t" TEST Fm, cormEl..ATED Din p, 
**************************** 
NUMBER OF DATA PAIRS 10 
~lEI\N OF DIFFERENCES 6. LI.~9999945E-2 
SH\NDARD DEVIATIO~I OF DIFFERENCES 0.1717394668 
"t" VALUE 1. 1968~j9b97 
WITH 9 DEGHEES OF FREEDOM 
page 267 
6. 9 Men's Lean Leg Volume (1) 
F'EARSOI',I PRODUCT I"IOMENT CORRELAT I ON COEFF I C I ENT 
********************************************** 
()l3~3 W\F<. X. VAH. Y. 
NO. TEST MLLV RETEST MLLV 
1 
2 
3 
~7~ 
6 
7 
B 
9 
10 
6.620 
7.800 
7.520 
6.7UO 
6 .. 6~50 
7 .. 590 
7.080 
6.910 
9.950 
7.020 
NUt1BEH OF DATA PAtHS 10 
6 .. 530 
7.680 
7.440 
6.860 
6.640 
7.::)10 
7.020 
7.060 
9.7BO 
7 .. 250 
TEST MLLV F<ETEST MLL V 
MEAN 7.389999999 7.376999998 
STANDAHD DEVIATION 0.9879608629 0.9225453923 
COHHELATION COEFFICIENT 
WITH 8 DEGHEES OF FREEDOM 
0 .. 99332~)7326 
"t" TEST FOI:;: CORF:ELATED DATA 
**************************** 
NUt'1I3EF< OF DATA PA I RS 1 () 
MEAN OF DIFFEHENCES .1. 29999999E-2 
ST!.\~IDAHD DEVIATION OF DIFFERENCES 0.128240226 
UtI! V?\LUE 0.320567193 
WITH 9 DEGREES OF FREEDOM 
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6.10 Men's Lean Upper Leg Volume (1) 
F'E(\RSON PF(ODUCT I'IDI'1ENT UJI'\F£LAT I ON COEr=r-7 I C I ENT 
*,~********.~*********************************** 
OBS V{·~FL X.. \jAr..:" y" 
NO. TEST ~lUl.LV RETEST MULLV 
1 
5 
6 
7 
8 
9 
10 
4~ 260· 
4.970 
c 
..J. 150 
4.290 
·":~,,580 
::j .. 020 
4. 4·1.\-0 
11·.680 
7.010 
'+.800 
NUMBER OF DATA PAIRS 10 
11· .. :::::20 
4. B:SO 
~-)" 020 
4·" :::~20 
4. LI·]O 
4.000 
f~" 520 
Lf.8l0 
6. 83() 
5 .. 000 
TEST MULLV RETEST MULLV 
MEAN 4.92 4.893999999 
STANDARD DEVIATION 0.7947046973 0.728136129 
CORRELA TI ON COEFF I C I ENT 
WITH 8 DEGREES OF FREEDOM 
O. 98604444-93 
"t" TEST FOH CORRELATED DAT!'" 
**************************** 
NUMBER OF D~\TA PAIRS 10 
MEAN OF DIFFEHENCES 2.59999998E-2 
STAND!"RD DEVIATION OF DII=FEHE~ICES 0.14346505:57 
UtI! VALUE 0.5730957836 
WITH 9 DEGREES OF FREEDOM 
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6.11 Men's Leg Fat (%) 
PEARSON PRODUCT 1'10MEN"l' CORRELAT I ON ClJEFF I C I ENT 
********************************************** 
OBS VAR. X. 
NCI" T[;,ST ML.F 
1 27.800 
2 2:3:" 500 
~ 
--' 
1::;: • 100 
4 13.600 
~ 
.j 22.200 
6 13.800 
7 15.600 
8 lB.800 
9 1" ~. 100 
10 22.300 
NUMBER CIF DATA PAIRS 10 
TEST MLF 
MEAN lB. 27999999 
STANDAHD DEVIATION 5.414548302 
VP,H. Y. 
F!ETE~n 11LY-
29.300 
21.900 
11.800 
1::;:" r~oo 
18.800 
1 Lf. lOO 
16.900 
19.000 
13. 100 
19.500 
RE TEST t1LF 
1.7.83000001. 
5 .. 187388554 
CORRELATION COEFFICIENT 
WITH 8 DEGREES OF FHEEDOM 
0.9479:390562 
"t." TEST FOR C(II~RELATED DATA 
**************************** 
NUMBER OF DIHA P,'UFlS 1.0 
MEAN OF DIFFERENCES 0.4500000008 
STANDARD DEVIATION OF DIFFERENCES 1..7251.40897 
"t" VALUE 0" 824U7462'+6 
l'JITH 9 DEGREES OF FREEDOM 
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6.12 Men's Lean Thigh Area (cmZ ) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. TEST MLTA RETEST MLTA 
1 
2 
4 
c· 
..J 
6 
7 
B 
9 
10 
193.000 
1.8[3.000 
203.000 
179.000 
18::;.000 
21'1.000 
::2 1 :::; .. 000 
:l9fJ.000 
259 .. 000 
195.000 
NUMBER OF DATA PAIRS 10 
TEST MLr,", 
MEAN 203 
STANDARD DEVIATION 23.29043678 
195 .. 000 
197.000 
208.000 
1[34.000 
187.000 
2lB.OOO 
20~:;" 000 
1. '}4. 000 
2~)1 .. 000 
189.000 
RETEST MLTA 
202.[3000001 
19.8651005B 
CORRELATION COEFFICIENT 
WITH B DEGREES OF FREEDOM 
0 .. 97286~,?20~5::j 
"t" HoST FDF~ CmmEl..ATED Di"T?\ 
**************************** 
NUI'1BER OF OAT,,. PiURS 10 
~IE"'N 01'= D I FFEI',ENCES 0.2000000004 
STANDARD DEVIATION OF DIFFERENCES 6.069962475 
"t" VALUE 0.1041943069 
i'J I TH 9 DEGREES OF FREEDOI'I 
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6.13 Women's Stature (cm) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
*************************~.******************** 
OBB wm. X. WlH. Y. 
NO. TEST WHT RETEST WHT 
1 
2 
4 
5 
6 
7 
El 
9 
10 
167.000 
176.800 
164. ~)oo 
1. 64. ::;00 
170.000 
160. rfOO 
167. "100 
16 r1.200 
164 .. 200 
.161.900 
NUMBER OF DATA PAIHS 10 
TEST WHT 
MEAN 166.6199999 
STANDARD DEVIATION 4.633165475 
166.800 
176 .. 100 
16'1. ',00 
164·.600 
169.700 
162.100 
167.600 
169.700 
164·. ::mo 
161.700 
RETEST WHT 
166.7499999 
4.304067818 
COHHELATION COEFFICIENT 
WITH 8 DEGHEES OF FREEDOM 
(>. '1'1580::,6817 
"t" TEBT FOR COHHELATED DATA 
**************************** 
NUMBEH OF DATA PAIHS 10 
MEAN OF D I FFERENCEB -0. 13000001:32 
f3TANDI~Fm DEVII\TION OF DIFFEHENCES O. 52~50::,96nl'J9 
"t" VALUE -0.78298107 
WITH 9 DEGREES OF FREEDml 
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6.14 Women's Body Mass (kg) 
PEI'.f':sm.1 PRODUCT 1'IOMENT CDRHELAT I ON COEFF I C I ENT 
*****~.***************~.***********~.*********.** 
OElS VAn. X. VAf":. Y. 
NO. 
1 
" •.. 
4 
6 
7 
8 
'7 
10 
6:l.400 
66.050 
59N550 
57 .. 500 
60,,750 
::rl .. 800 
47. :300 
62.100 
56 .. 450 
~j4.. 700 
NUMBER OF DATA PAIRS 10 
TEST l'll'1(·\SS 
MEAN 58.36 
STANDAHD DEVIATION 5.054305101 
RETEST ("I"IASS 
62 .. 100 
6tl .. l00 
59.050 
57 .. 950 
60.6'00 
~57 .. '750 
47.0!50 
63 .. 000 
~.)7 .. :::::00 
~:;4" 700 
F,ETEST I'WIt-lSS 
58 .. 765 
5" 5521 792~j3 
CORRELATION COEFFICIENT 0.9942957659 
WITH 8 DEGREES OF FREEDOM 
"t" TEST FOR COF<RELATED DIHA 
**************************** 
NUMBER OF DATA PAIRS 10 
MEAN OF DIFFERENCES -0.404'7'7'79'782 
STANDARD DEVIATION OF DIFFEnENCES 0.7536761702 
"t" VALUE -1.6'7'7300704 
WITH '7 DEGREES OF FnEEDOM 
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6.15 Women's Sitting Height (cm) 
F'EARSOI\I PF~IJDUCT MIJt1EI\lf CClF:RfoL.Al" 1 01\1 COEFF I C I ENT 
**************************~.******************* 
DElS vm~. X. VA". y. 
NO. TEST WSH RE TEST ~<JSH 
1 
'':'' 
--' 
4 
5 
6 
7 
8 
9 
10 
90.400 
';>3 .. 000 
8'1.300 
88.:200 
89.200 
ElB.300 
86.500 
91.BOO 
89.S!)!) 
B9~500 
NUMBER OF DATA PAH1S 10 
TEST ~'JSH 
MEAN El9.56999999 
STANDARD DEVIATION 1.842733491 
90.900 
9'L 100 
B9 .. 800 
Em. 100 
89~500 
8B.300 
87.300 
92.300 
88.800 
E)t? .. 500 
F:ETEST ~"SH 
E-3c) .. 8599S)Cj~t;18 
2 .. 06781.1·9125 
CORRELATION COEFFICIENT 0.9724021496 
WITH 8 DEGREES OF FREEDOM 
"t" TEST FOf, CORf-<ELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 10 
~IEI~N Of 0 DIFFERENCES -0.2900000035 
STANDARD DEVIATION OF DIFFERENCES 0.5108815883 
11 t 11 VALUE -1 .. 79505'+967 
WITH 9 DEGREES OF FREEDOM 
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6.16 Women's Subischial Height (cm) 
PEARSON PRODOCT MOMENT CORRELATION COEFFICIENT 
****.****************************************** 
OBS VAF(. X" VAF:. Y. 
NO. TEST t,mIH F,ETEST WSIH 
1 
2 
3 
5 
6 
7 
8 
<;> 
10 
72.400 
'74.700 
77.400 
80.900 
72.600 
(~O. 800 
'76.100 
75.200 
83.800 
76,,600 
NUNBER OF DATA PAIRS 10 
TEST L>JSIH 
MEAN 77.05000001 
STANDAf,D DC::VHHION 3.7423254·82 
72.200 
'75 .. !:')OO 
77.400 
80.300 
7::>.800 
DO" ~~OO 
76.500 
75 .. 100 
82.000 
75,,900 
F(ETEST WSIH 
76. BO<~,?9996 
::;. 1049'75979 
CORRELATION COEFFICIENT 0.9864777063 
WITH 0 DEGREES OF FREED ON 
"t" TEST F[JF( COI,F,""LATED DATA 
**************************** 
NUNBEH OF DI-IT?\ PAIRS ],0 
MEAN OF DIFFERENCES 0.1599999994 
STANDARD DEVIATION OF DIFFERENCES 0.8487899965 
"t" VALUE O. 5'?61 008::;3 
WITH 9 DEGREES OF FREEDO~1 
6.17 Women's Gluteal Furrow Height (cm) 
hlC. 
i 
I 
72 .. 6 1.)0 
BU" J.(:O 
/H. (Ot) 
'/1. " Uf}\") 
7,~:;" ~iC'O 
TEFiT 
:to 
MEA~I 75.~4000003 
ST{1~'.IDPrFD DE\J I(\TIC1\! 2 .. (i:~E\1.0:l401 
C()i-~F:E!_(',~,··I' I U!-··.j C:JEF r:' I ~ I~: j',.!T 
WI"r'H 8 DEGREES 8~ FREEDOM 
l~::j" :?C:O 
Ib .. Ut» 
"74" ~.20(\ 
PE T::'::;3T 
'74" \.)~:OO()O~)J. 
2" (~~)7:;~lO·i·::!.4t 
11't I; "ri:::E'T FU:;;< CCr:~F.:I~~L(.~I·rED !JP, rr.:i 
*~·*****~0*'~i~*****'~*******·~*** 
ST~~!DA~D DEVIATION OF Dl~FEREK~CES O.823H!971~ 
11 t 11 V(\LUL:: 1 .. 9E),75::~Cfl1-
WITfl 9 DEGREES OF FREEDOM 
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6.18 Women's Subischial Height / Stature (%) 
1 '!5.90() 
2 t~7_4(\O 
6 45.100 
7 413 .. 300 
8 4·5"'700 
{i J.l::: .. ~ 'i ()i~! 
l(l 44.700 
10 
':-E;3T 
l~;::. .. ~'~:C'1(;·q'-;'99 
S'rANDAr:~D DEVIATION 1.1~897j~6l~3 
CORRELATION I:OEFFI!:lEtJf 
WI-r"j·j 8 DEGREES OF FF~E~DOr1 
MEAN OF DrFFERE~!CES 0.100000002 
H{:!! '-..I.'iU_J[~ O .. B01]f~~~~7~~;J 
lDI1"H ~ DSGREES OF ~R~SUOM 
·-'.;6" ;)O~) 
/~ i.! " 700 
4b" '1.:1. 
page 276 
6.19 Women's Gluteal Furrow Height / Stature (%) 
tJE'd 1.,i('·:I;·( ~ A" 
~iO. f'ES"r 
1 4:3.50~ 
2 ;~5,,400 
f.;) '"i·ll, ~ :l. (,:,~:: 
7 4~'.20() 
to 45.300 
~!I,.!MCER CF LATf) PAI:~S 
1"'!E(")"'! '!::.' .. :;~E 
Sl"ANDARD DEVIA·rI(J~1 1"('32~80371 
CDF~:::;:~::L..("};T· I C!\! CC~F!~~:I. C I ~:l":T 
WITH 8 DEGREES OF FREEDO!~ 
~)(I::~" V ~ 
f;: ~::~ TEE:) "f 
11 ~":I" ·':1 C'.) 
'I ":j " .:"i();) 
J~il ~ i~OC· 
,,1,1, ~~;; '. '/ 0 () 
/!-'/ .. :toe 
/~"-l-. 1.. .. (:-0 
.:1'''5" :;,~:)n 
i.~ll· ~ '/00 
lJ·t-l- .. (J:'~::9'-7S(,i<.J~1 
t" O',~'~"'~~~::{)·lOt 
"1: 11 'rE~::) r !·:~~]F; CD;':;::::;.~l::.!."(1'!-~;:!.) D(.'~·TI.·\ 
~.*******~ .. ~**~****,~~~***.~***** 
NUMBER OF IJA1"A PAIRS 10 
MEA~1 OF I)IFf~ERE~ICES 0,,35 
11 t 11 \);:~L!.JF:: 2" 4~51:73t);J·l 
WI"rH 9 DEGREES o~~ F~~EEDOM 
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6.20 Women's Total Leg Volume (1) 
PEAF(SDN PFWDUCT t'IDMENT CDHf,ELAT ION CDEFF· I C I ENT 
*****************************~**************** 
DeS wm. X. VAH. V. 
NO. TEST WTV HETEST WTV 
1 
3 
4 
5 
6 
7 
8 
9 
10 
7.200 
8.570 
7.880 
7.560 
7.800 
7.200 
6.200 
8.000 
7 .. :;;50 
7.010 
NUt1BEH OF DATA PAIHS 10 
7.300 
8 .. 810 
7.400 
7.740 
7.320 
7.350 
6.200 
8.350 
7.540 
6 .. 780 
TEST WTV HET EST WTV 
MEAN 7.476999998 7.479000002 
STANDIl:HD DEVIATION 0.646375::;649 0.7308054·925 
COHHELATION COEFFICIENT 0.914074::0:29 
WITH 8 DEGHEES OF FHEEDOM 
"t" TEST FOH COHHELATED DATA 
**************************** 
NUI'1f!EH OF DATA PAIHS 1.0·· 
i"IEAN OF DIFFEHENCES -1.999999944E-3 
STANDAHD DEVIATION OF DIFFEHENCES 0.2971643768 
IItl! VALUE -2 .. 1.28301922E-2 
WITH 9 DEGHEES OF FHEEDOI"l 
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6.21 Women's Lean Leg Volume (1) 
PEARS ON PRODUCT MOMENT CORREl.ATION COEFFICIENT 
********************************************** 
OBS 
NO. 
wm. X. VAR. Y. 
TEST WLLV F<ETEST .JLLV 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
4.110 
6.310 
5.010 
4.660 
4.860 
4.850 
5.210 
6.060 
4.650 
5.660 
NUMBER OF DATA PAIRS 10 
4.380 
6,,270 
4.6:3:0 
4.900 
4.710 
5.100 
5 .. 200 
5 .. 730 
4.610 
5.560 
TEST ~'JLLV RETEST l'JLLV 
MEAN 5.137999997 5.108999999 
STANDARD DEVIATION 0.6832406449 0.5923671911 
CORRELATION COEFFICIENT 0.9451803549 
WITH 8 DEGREES OF FREEDot1 
"t" TEST FOR CORRELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 10 
MEAN OF DIFFERENCES 2.359999977E-2 
STANDARD DEVIATION OF DIFFERENCES 0.2220626536 
"t" VI~l.UE o. ::'(360752059 
WITH 9 DEGREES OF FREEDOM 
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6.22 Women's Lean Upper Leg Volume (1) 
PEARSON PHODUCT 1'10MENT CORI:;:EU~T I 01\1 COEFF I C I EN-r 
********************************************** 
OBS VAR. x. VAR. Y. 
NO. TEST ~'JULLV RETEST ~JULLV 
1 2.460 2.690 
,-, 4.010 ;';.880 ~ 
3 2.970 2.710 
4- 3.000 3 .. 230 
'5 3.260 3.070 
6 3.140 3 .. 370 
7 3 .. 570 3 .. 550 
8 L~. 070 3.730 
9 2.970 2.930 
10 3 .. 950 3.890 
NUI'1BER OF DATA PAIRS 10 
TEST WULLV 
MEAN 3.340000001 3.305000001 
STANDARD DEVIATION 0.5392381458 0.4535599923 
CORRELATION COEFFICIENT 0.9268161661 
WITH 8 DEGREES OF FREEDOM 
"-t" TEST FOR CORRELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 10 
i"IEAN OF DIFFERENCES 3.499999989E-2 
STANDARD DEVIATION OF DIFFERENCES 0.2076990345 
"t" VI',LUE 0.5328850856 
~~ITH 9 DEGREES OF FREEDOM 
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6.23 Women's Leg Fat (%) 
PEARS ON PFmDUCT MO!"I\;::NT CmmELI-\TION COEFFICIENT 
********************************************** 
OBS 
NO. 
VAR. X. VAR. Y. 
1 
3 
4 
5 
6 
7 
8 
9 
10 
TEST l~LF 
42.900 
26.400 
36 .. 500 
38.400 
37.700 
:3;2.700 
16.000 
24.300 
36.800 
19.200 
NUMBER OF DATA PAIRS 10 
TEST WLF 
MEAN 31.09 
STANDARD DEVIATION 9.056912646 
RETEST WLF 
40.000 
28.800 
37.400 
36.600 
35 .. 600 
30.600 
16.100 
31 .. 400 
38.900 
18.000 
RETEST WLF 
~; 1 • 339'199';>9 
8. 379233~'j88 
CORRELATION COEFF·ICIENT 
WITH 8 DEGREES OF FREEDOM 
0.9424958832 
"t" TEST FOR CORRELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 10' 
MEAN OF DIFFERENCES -0.2499999987 
STANDARD DEVIATION OF DIFFERENCES 3.03104·3096 
"t" VALUE -0.2608242066 
WITH 9 DEGREES OF FREEDOM 
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6.24 Women's Lean Thigh Area (cm2 ) 
PEAI,SoN PRODUCT Mo~1ENT CORRELATION COEFFICIENT 
********************************************** 
oBB VAF(. X" VAF(. y" 
1\10" TEST WLTA RETEST WLTA 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
138.000 
1'78.000 
152.000 
14'1.000 
1 :;8.000 
163.000 
139.000 
1'79.000 
147,,000 
173.000 
NUMBER OF DATA PAIRS 10 
TEST WLTA 
MEAN 155.6 
STANDARD DEVIATION 16.4·3978913 
150.000 
1'74.000 
143.000 
156.000 
141.000 
171.000 
140.000 
166.000 
1~59. 000 
17/1.000 
RETEST l~L TA 
1.55" 3'199999 
14,,69845041 
CORREUHION COEFFICIENT 
WITH 8 DEGREES OF FREEDOM 
0.8688795522 
"t" TEST FOR Cor,RELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 10" 
MEAN.OF DIFFERENCES 0.2 
STANDARD DEVIATION OF DIFFERENCES 8.148619514 
"t" VALUE 7.761505258E-2 
WITH .9 DEGREES OF FREEDOM 
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Appendix 7 
Raw data from the trials which assessed the reproducibility 
of the exercise test measures 
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7. 1 Men's Optimised Peak Power Output (W) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. TEST RETEST 
1 
,-, 
.. ::. 
3 
6 
7 
8 
9 
10 
928.000 
825.000 
111:3.000 
950.000 
12:'>1.000 
94-2.000 
8B9.000 
904.000 
12~~:;5. 000 
B8';>.000 
NUMBER OF DATA PAIRS 10 
943 .. 000 
B45 .. 000 
11:~;7. 000 
';>66.000 
1 j.~5~~i" 000 
956.000 
92(::1 .. 000 
8::j2 .. 000 
1200.000 
B89.000 
TEST RETEST 
MEAN 990.6000001 
STANDARD DEVIATION 147.573B61 
cm6. 9000001 
129. 5911 9/1B 
CORRELATION COEFFICIENT 0.9718806641 
WITH.S DEGREES OF FREEDOM 
"t" TEST FOR CORRELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 10 
l'lEAN OF- DIFFERENCES 3. 70000000:3 
STI;NDARD DEVIATION OF DIFFERENCES 37.401<37161 
-"t" vnLUE 9. 312B2999!., 1 
WITH 9 DEGREES OF FHEEDOI"I 
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7. 2 Men's DPP / Mass (W·kg- 1 ) 
PEARSON PRODUCT I"Iot1ENT COF<RELAT I ON COEFF I C I ENT 
********************************************** 
DD" 
I\ICI. 
VAR. X. VAR. Y. 
1 
.-, 
-'-
5. 
6 
7 
f3 
9 
10 
TEST 
12.1'10 
12. 170 
1:~. 790 
12 .. 2:~::O 
16.41<) 
1::;.070 
1 1. ~ 9~::;O 
12.880 
13 M 7';:~O 
12.470 
NUMBER OF DATA PAIRS lO 
12.410 
12.540 
14.230 
12 .. 4·::~O 
:1.5 .. 280 
1 :3. :::;:00 
12.4f30 
11. C)20 
1::::;,,4:l0 
1 ::;:~" :;::60 
TEST RETEST 
MEAN 13.07 
STANDARD DEVIATION 1.333724741 
l:::'~ .. 026 
1.0451<315:36 
CORRELATION COEFFICIENT 
WITH f3 DEGREES CIF FREEDOM 
0.907940791 
"t." TEST FOF< CORREUHED DATI; 
******** .• ******************* 
NUMBER OF DATA PAIRS 10. 
I'IEAN OF DIFFEI:;;EI\ICES 6.39'1'19'7tWIE-2 
STANDARD DEVIATION OF DIFFERENCES 0.5f330227728 
"t" VALUE 0.3471318::;81 
WITH 9 DEGREES OF FREEDOM 
" 
-----------
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7. 3 Men's Optimised Pedalling Rate 
F'EP,[,SllN PRODUCT 1~IOI'IENT COR[;:ELP, T I ON COEFF I C I ENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. TEST RE TEST 
1. 
3 
6 
7 
8 
9 
10 
1. :;;:~~"5 • 000 
112.000 
118.000 
118.000 
120.000 
109.000 
124.000 
11 F3. 000 
116,,000 
144.000 
NUMBER OF DATA PAIRS 10 
1.26.000 
122 .. 000 
1.18.000 
121.000 
j, ~;22n 000 
113.000 
11.',.000 
11.13.000 
1.:.;~4. 000 
139.000 
TEST RETEST 
MEAN 1.20.4 1.22n2 
STANDARD DEVIATION 9.593979601 6.9249'7·'t98f:l 
CORRELATION COEFFICIEt~T 0.876670218::;' 
WITH 8 DEGREES OF FREEDOM 
"t" TEST FOR CORRELATED DATA 
**~~**************~********* 
NUMBER OF DATA PAIRS 10. 
MEAN OF DIFFERENCES -1.800000001 
STI·',NDARD DEoVIATION OF DIF·FERENC.EB 4.84882574::i 
"t" VALUE -1.173913044 
WITH 9 DEGREES OF FREEDOM 
" 
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7. 4 Men's Optimum Load (N) 
PEAF<Sm. PRODUCT 1'101'1ENT COF<RELAT I ON COEFF I C I ENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. TEST I:::ETEi,T 
1 ' 
4 
r-
•.. 1 
6 
7 
8 
9 
10 
74.400 
T3.400 
94. ,:;00 
80.900 
10:::'~" 100 
87.000 
71.800 
77.000 
106" ~500 
62,,000 
NUMBER OF DP,TA PP!l:RS 10 
7::"i.l00 
69.500 
96.400 
80.100 
94. ',Oe> 
85.000 
78.100 
72.200 
96.900 
64.000 
TEST RETEST 
MEAN 83.06 
STANDARD DEVIATION 14.44316063 
81.n22000003 
11.74457795 
CORRELATION COEFFICIENT 
WITH 8 DEGREES OF FREEDOM 
0.9506494834 
"t" n::ST For, CORRELATED DATA 
~.******** .• ****************** 
t,llJl'1BER OF' DATA PAIRS 10' 
MEAN OF DIFFERENCES 1.840000003 
BTANDARD DEVIATION OF DIFFEf1ENCEB 4.901~3190::'~2 
"t" VALUE 1.187099522 
WITH 9 DEGREES OF FREEDOM 
" 
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7. 5 Men's Load:Bodyweight 
PEAF,SON PF,IJDUCT t'11Jt1EI\IT ClJnnELAT HJN COEFF I C I ENT 
********************************************** 
ODr; VPtn~ X. VAn. Y. 
1\10. TEGT nETEGT 
:l 0. 100 o. 101 
2 0. 110 O. 10~5 
.~,. 
-' OR :l 1. ,;> 0 .. 1. "')"" . ..:....:,. 
4 O. 106 0. 1. O~-) 
5 0 .. 140 0 .. 12B 
6 o. 12~~:; 0 .. 1:20 
7 0.0913 o. 107 
13 O. 112 o. 1.0:3 
9 0 .. 121 0 .. l1..0 
10 0 .. 089 0.090 
NUMDEn OF DATA PAInG 10 
TEST RETEGT 
MEAN 0.1118 0.1092 
STANDARD DEVIATION 1.469542635E-21.142900794E-2 
CORnELATION COEFFICIENT 
WITH 8 DEGREES OF FREEDOM 
0 .. 8953502062 
"t" TEST Fon CORRELATED DIH?\ 
**************************** 
NUI'1DER OF DA"I"A PAIRS 10 .. 
MEAN OF DIFFERENCES 2 .. 600000002E-3 
STI.\I\JDM'D DEVIA"I"lON OF DIFFEnENCES 6.769211339E-3 \ 
"t" VI~UJE 1. 2146055BB 
WITH 9 DEGREES OF FREEDIJM . 
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7. 6 Men's r 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
************************* .• ******************** 
OBS VAR. X. VAR.' Y. 
NO. TEST RETEST 
1 
3 
4 
5 
6 
7 
8 
9 
10 
-0.998 
-0.967 
-0.993 
-0.987 
-0.996 
-0.984 
-1.000 
-0.998 
-0.994 
-0.993 
NUMBER OF DATA PAIRS 10 
-0.999 
-0.992 
-0.990 
-0.999 
-O~992 
-0.995 
-0.997 
-0.999 
-0.998 
-0.997 
TEST RETEST 
MEAN -0.9909999997 -0.9957999997 
STANDARD DEVIATION 9.786612289E-33.359894264E-3 
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7. 7 Men's Regression Equation Elevation 
PEPIb:Sor·'.1 F·'r-nJDUCT !'''lDf1!EJ,.!'r CDPF:EL .. P, T I Dt···.! COf~:r:'F I [; 1 I::::l\, T 
*~.***********.~********************.*****~****~* 
OB!::; \.)(.')F\ .. X 
" 
NO .. -rE,;T 
1. :?'!. Sl .. 9:)0 
2 224 .. (100 
.. ~ "",I"~'C;;: 
"':"'-' ... , .. 800 
tj. 2~:;/.j· .. 900 
~. 
-.J 2::~S> .. 000 
6:> ::;~ 1 .t.:l 900 
7 2,!.~·/" 700 
fl 2::;::5 .. 200 
9 :7~~:;2 .. loU 
10 2B7~ 200 
NUMBER OF DATA PAIRS 10 
T[~::3T 
MEAN 2110~36 
ETMIDAPD DEVHHIDN 1.'i'.07751/1·1J:2 
CORRELATION COEFFICIENl 
WITH 8 DEGREES OF FREEDOM 
\N'\f~ • Y. 
f~:ETEST 
~.;~::j l 
" 
1('0 
24·:::::. 6C)O 
2:~:6~ (>00 
24 1. 
" 
200 
211~~~" 800 
2:~~::::j 
· 
lOO 
Z~,} 
· 
9(;0 
23t1 .. 200 
2.t.1El 
· 
00·:) 
27tl 
" 
:'200 
nl:~:~TE:ST 
2'l4 .. 109'7999 
1 ~~:; .. 9'-?t.l9·Q·O 17 
" t "T ESf FClf': cem F~ E L.IYI"E f.) D(\""I?) 
***********~********* .• ****** 
NUNBER OF DATA PAIRS 10 
MEAN OF DIFFERENCES -3.75000001 
STANDARf.) DEVIATION OF DIFFERENCES 9.25781953 
11 t 11 VALUE -1 ~ 2BO(1')216~3 
WITH 9 DEGREES OF FREEDOM 
" 
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7. 8 Men's Regression Equation Regression Coefficient 
PEARSON PRODUl~T MOMENT CORRELATION COEFFICIEN"r 
**********.~*********************************** 
cm::; 'J()F~ • X . v;!\r~ M V" 
NO. TU)T nE'TEET 
:l 1 
· 
t.)B1 1 
· 
6'/1 
,., 
k 1 
· 
:5:'::2 1 
· 
7"54 
~:\ :l 
· 
24'7 1 .. , .. ~".., .. :,. ~::.,,::, . ..:. 
'. 
i, 
· 
4;5 :t 1 
· 
::;05 
a:;;" 1 
· 
1~")C :!. 
· 
2(3~.;j 
6 1 
· 
247 1 
· 
:32~7j 
-, 1 
· 
72:·\ 1 
· 
5~2:~ , 
r~ - 1 .. 528 -- I 
· 
6:07 
9 - 1 
· 
090 
-
j .. :::~80 
1 i") 
-
"") :~; 1 7 - "'1 :L 7<[ 
."'," .~~ " 
N!JM8ER OF DATA PAIRS 1e) 
TEST RETEST 
\"IE?\I\! 1 .. l~9 T7 - t .. ~;.:~;7~:j 
STANDARD DEVIATION 0.:0599845829 0.2896711737 
CORF:Eurr I ON COEFF I C I ENT 
(,'J I lH 8 DE[3REES or= F!',EEDm1 
"t" TEST Fm, CDPF:EI.J)TED DATA 
***".******* .• **************** 
NUMBEP OF DATA PAIns 10 
MEAN OF D I FFEPEl\ICES --:c,. 98000001 E-2 
STANDARD DEVIATION OF DIFFERENCES 0.136781903 
"t" VALUE -0.920141106 
WITH 9 DEGREES OF FREEDOM 
., 
page 292 
7. 9 Men's Mean Power Output During the Wingate Anaerobic 
Test (W) 
PEP,F<l,ON PI,ODucr 11DI"IEN·r COR[,ELATION COEFFICIE:NT 
********************************************** 
OBS VAF<. x. 
hiD. T[o~;T 
1 524.000 
2 71~2. 000 
~ 
._' 899.000 
4 724-.000 
~. 
"' 
'722.000 
b b1:3.000 
7 bb1.000 
8 753.000 
9 603 .. 000 
NUI"IBER OF DATA PAIRS 9 
TEST 
MEAN 690.·1111112 
STANDARD DEVIATION 107.3597276 
'JP.R n Y. 
FlETEST 
550.000 
734.000 
922.000 
-722 .. 000 
'72'7.000 
635.000 
65~j. 000 
757.000 
bOI3.000 
RETEi3r 
701. 1111109 
107.2991664 
COFlFlELATION COEFFICIENT 0.99354-37767 
WITH 7 DEGREES OF FREEDOI"I 
"t" TEST For, CDf"\[';:ELATED DATA 
**************************** 
NUt1BER OF DATA PAIRS 9 
I"IEAN OF DIFFERENCES -11 
STANDARD DEVIATION OF DIFFERENCES 12.19631092 
"t" VALUE -2.705736204-
WITH 8 DEGREES OF FREEDOM 
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7.10 Men's WMP / Mass (W-kg-1) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS W'i'<.. X. VAFl. Y. 
NO. 
1 
2 
6 
7 
8 
9 
[:1. 440 
et. 180 
9.B40 
9.6130 
9.360 
f.l. ::;70 
D .. 700 
H.'700 
H.B40 
NUMBER OF DATA PAIRS 9 
B.790 
9. ~j90 
9 .. 900 
9. ~)6() 
9. :37.() 
0.630 
D.610 
13. D:c:O 
D.910 
TEST r~ETEST 
MEAN 9.012222219 9.13222222 
STANDARD DEVIATION 0.5297116614 0.47'71471942 
CORRELATION COEFFICIENT- 0.9370684014 
WITH 7 DEGREES OF FREEDOM 
"t" TEST Furl Cor,HELATED D{~rr-,; 
**************************** 
NUMBER OF DATA PAIRS 9 -
MEAN OF DIFFEHENCES -0.1199999993 
STANDARD DEVIATION OFDIFFEHENCES O.If.l59435::;93 
"t" VALUE -1.936071558 
WITH 8 DEbHEES OF FREEDOM 
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7.11 Women's Optimised Peak Power Output (W) 
PEARBON PRODUCT MOMENT CORRELATION COEFFICIENT 
******************* .• ****************~.********* (!BS ' 
NO. 
VAR. x. VAR. Y. 
TEST RETEST 
1 
2 
5 
6 
7 
[3 
9 
10 
::~::;;'4 n 000 
769.000 
644.000 
1.]·:27 .. 000 
61.:14.000 
624.000 
505 .. 000 
762.000 
'72~2~" 000 
[300.000 
NUMBER OF DATA PAIRS 10 
TEST 
MEAN 646.1999998 
ST I;NDARD DEV I AT I 01'../ 1. 2~). 1 96~,)C'i6"1 
!:.:iI.I·'7" 000 
[307.000 
6:";9.000 
452 .. 000 
629 .. 000 
62:::;.000 
~j7:2.~. 000 
821 .. 000 
(:)80 .. 000 
79~:;. 000 
F:ETEST 
t:)~)6 .. ~599Ct999 
121 .. 29501.]·9 
CORRELATION COEFFICIENT 0.9516746211 
WITH B DEGREES OF FREEDOM 
"t" TES'r FOn CmmEU',TED D!Yrl,\ 
**************************** 
NUI"lBER OF DATA PA:mS 10 
NEAN OF DIFFERB../CES -10.4 
SH\I\IDARD DEVHHIflN OF DIFFERENCES 38. 50l387:~Ac:; 
"t" VALUE --0. [354028[31[3 
WITH 9 DEGREES OF FREEDOM 
" 
page 295 
7.12 Women's OPP / Mass (W'kg- 1 ) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
1\10. TEST RETEST 
1 
2 
3 
4-
5 
" 7 
I] 
9 
10 
9.6(,0 
11.920 
10.920 
9. 100 
10.940 
11.020 
9 .. 080 
9.950 
10. TcW 
11.080 
NUMBER OF DATA PAIRS 10 
10. O~'O 
12 .. 250 
10.760 
9 g :::;40 
10. l. 'to 
10.820 
10.210 
10.6l30 
10.000 
11.260 
TEST RETEST 
MEAN 10.44 10.573 
STANDARD DEVIATION 0.9424907903 0.7725434189 
CORRE1 .. ATION COEFFICIENT O. 77121~jl094 
WITH 8 DEGREES OF FREEDOM 
n·t n TEST FOR CORHELATED DAT!~ 
**************************** 
NUMB EH OF DATA PAIHS 10 _ 
11EAt~ OF D I FFEr~EI\ICE[, -0. 13:30000002 
STANDAf,D DEVIATION OF DIFFEHENCEEl 0.60170221,')4 
n i:" VALUE -0. 698CJI](35007 
LHTH '] DEGr~EES OF Fr.:EEDO~l 
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7.13 Women's Optimised Pedalling Rate 
PE::i-\RbIJN PHODIJCT iVlCWIENT CmmELAT I (l1\1 COEFF I C I EI~T 
********************************************** 
oes VP,H. x. 
NCI. TEST 
1. 107.000 
2 BB.OOO 
3 110.000 
i~. 9:5.000 
5 1 0::::; ~ 000 
6 11'1,,000 
7 l08.000 
D 12~5 .. 000 
9 to.l.1·R 000 
10 107.000 
NIJMBEH OF DATA PAIHS 10 
TEST 
MEAN 106.3999999 
STANDARD DEVIATION 10.41579996 
VAH. Y. 
HETEbT 
t 11.000 
90.000 
108.000 
9D.OOO 
109.000 
115.000 
1.06.000 
120.000 
lO4·.000 
111.000 
RETEST 
107.2 
8.495750573 
CClRHELATION CIJEFFICIENT 
WITH 8 DEGREES CIF FREEDIJM 
O. 95578El6El76 
"t" TEST FOR CORRELATED DATA 
**************************** 
NIJMBEH CIF DATA PAIRS 10-
I"IEAN OF DIFFERENCEG -0.79''19999996 
E>T!·',NDAFW DEVIATION OF DIFFEF(ENCES 3. ::~;92fl02BL~ 
"t" VALUE -0.74564·371 B9 
WITH 9 DEGHEES OF FREEDOM 
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7.14 Women's Optimum Load (N) 
PEAF:son PF:ODUCT 1'101'1ENT CORF:EUn' I UN COEFF I C I ENT 
********************************************** 
OD~3 Vl-in. X. VI-',r(. Y. 
NU. TEST RETEST 
1 
:2 
":" 
'-' 
6 
7 
!Cl 
9 
10 
49.700 
87.200 
58.500 
'~·5 .. fJOO 
6~~. 200 
52.500 
46 .. 700 
62"000 
70.400 
74.7'00 
N\..WIE<ER UF DATA PAIF(S H> 
TEST 
MEAN 61.06999999 
STANDARD DEVIATION 13.37493925 
49 .. lOO 
B9. ~:;oo 
~j9 .. Lj·OO 
46" 100 
~57 .. BOO 
54. 100 
::;4 .. lOO 
6El. C!:OO 
65a400 
71 ... BOO 
RETI"ST 
61.56 
12.7El03842El 
CURRELAl' I ON COEFF ICI EtH 0.94,78210399 
WITH El DEGREES OF FREEDOM 
"t" TEcSl' FllH CORF.;r,:;:LATED DATf.\ 
**************************** 
NUMBER OF DATA PAIHS 10' 
MEAN OF DIFFEHENCES -0.4900000019 
STP,I\IDARD DEVIATION llF DIFFERENCES 4.2652211,1 
"t" VI-\LUE -0. 36:3290910:3 
WITH 9 DEGREES OF FREEDOM 
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7.15 Women's Load:Bodyweight 
PEARSOI\l PRODUCT t101"IE:NT COFa-,ELAT I ON CDEFF I C I ENT 
********************************************** 
OBS 
NO. 
W:'F<. X. VAFl. Y. 
TEST" F,E~TEST 
3 
~" 
...J 
6 
7 
El 
9 
10 
0 .. OS)2 
0"138 
0.101 
OM 100 
0.106 
0.095 
0"086 
O. OK" 
On 105 
0.105 
hllWIBEF, OF DiHA F',o,IHS 1.0 
On092 
0.1;:;8 
0.102 
0.099 
0 .. 095 
0"096 
0,,0913 
0.091 
O.O"lEl 
0 .. 10i~. 
TEST F<ETEST 
MEAN 0.1011 0.1013 
STANDARD DEVIATION 1. 5249408E-2 1.350761102E-2 
CORRELAT I ON COEFF I C I OH 
WITH 8 DEGF<EES OF FREEDOM 
0"'i044432561 
"t" TEST FIJFl COnnEUnED DI~TA 
**************************** 
NUt'lBEn OF DAT", PAIRS 1,0" 
MEAN OF DIFFERENCES -1.'1'i'1'i99'i21E-4 
STANDARD DEVIATION OF DIFFERENCES 6.511528236E-3 
"t."VALUE -'i.712858242E-2 
tHTH 9 DEGREES OF FREEDOM 
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7.16 Women's r 
PEARSOI\I PPODUCT MDI'1ENT CIJRRELATION COEFFICIENT 
******************************************~.*** 
OBS Vi\P. x. VAI::':. Y. 
NO. TEE:T RETEST 
1 -0.993 -0.994 
2 -0 .. 9~j5 -0.9'r7 
3 -0.994 -0. (:195 
4- -0.996 -C>" 9913 
~ 
-' 
-1.000 -0.999 
6 ":0.998 -0 .. 998 
'7 -0. '197 -1.000 
(,1 -'(>.989 --0. '~97 
9 -0.998 --,(> .. (~99 
10 -0.996 -C>" 99'7 
NUI'1BER IJF DATA PAIRS 10 
TEST RETEST 
MEAN -0.9925999998 -0.9973999998 
STANDARD DEVIATION 1.017840852E-21.837873229E-3 
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7.17 Women's Regression Equation Elevation 
PEARSON PRODUCT MOMEr~r CORRELATIO~! COEFFICIENT 
,~******************,.*****,~,***~~******~,**,.*****~ 
Cl (if;; 'v'PIF~ .. X . V 1"'-. \'"1n~ Y . 
I\ID. TES"! f'r-·'T· ...... -'-.---U.::" I c:.t:J. I 
1 
1 '2.14 . 800 22:::: .. 9(H) 
:7~ 1 76" 400 1.130. 600 
:.::: 220. ~::~OO 21 ~5 ~ ilOU 
4 1 t3b ~ 700 :I. c>~6 .. ~::iOO 
~. 
,J 210 .. :;~OO ~~lE-;h 1 00 
6 ''';'-;!"0 .,;.. .......... " 2(10 2:~::O .. ElOU 
7 216. 600 212 .. 10U 
f:1 :-~4~~, .. 900 21iO" {:]OC· 
Cl ~,~::C[~ 
" 
.300 ~2>.))~ " 8()O 
0 21 4 
" 
6~)O :,:~2:L 
" 
700 
NU~BER OF D(\TA PAIRS 10 
TES1' RE TEST 
MEAN 213.22 214.67 
STANDARD DEVIATION 20.69126495 1'7 • O~:5260 :I. t:)~.::' 
CORRELATION COEFFICIENT 0.9560382667 
WITH 8 DEGREES OF FREEDOM 
"t" ·rEST f:·DF~ Ct:JHI::~E! .. _!YrED Dlyr 1\ 
****************.~*********** 
~1f:::(\N DF f>IFFEREt,tCfo:S ·-l .. 45000001 
11 t 11 VALUE -0 .. 689:::~05!.j.O 1 
WITH 9 DEGREES OF FREEDOM 
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7.18 Women's Regression Equation Regression Coefficient 
F·E(')I~·,:~:3()!'-.! F'HDDUC"r r1Dr'1EI'.!.T CiJ;:(~:::EL(.1r ION COEF'F:r C I E::/,-IT 
********************.*****************'.******** 
DElS tH\F~.. X.. i;/(1r~.. V M 
NO .. 
:L 
:5 
" ; 
U 
'7' 
l.O 
TEEjT 
- 2 .. t::.':iC:~ 
- 1. 011 
-- 1 .. ~}87 
- 2 .. (:037 
-- 1 .. 66~::; 
- 2 .. :,270 
1. .. 982 
l .. 4f:JO 
1 .. fj,:::::g 
RF~TEST 
t .. OU9 
1. Ul:;; 
~2 .. :1. ::~;2 
- 1" i:~t:El 
:I." ')6")2 
- 1 .. '764 
- :l .. ~.~;i38 
-:L. ~~44 
TES"r RETEST 
!'1IEPI:\! - 1 M f.3~2f~8 - 1 .. 81 O~::;(~:)(t999 
STANDARD DEVIA'frON O.41R8766485 0 .. 3671122141 
CORRELATION COEFFICIENT 
WITH U DEGREES OF FREEDOM 
"t "fE!:l"f F"OH Cm,I~ELP,TI:::D D('\ H\ 
*~.************************** 
NUMBER OF DATA PAIRS 10 
MEAN OF DIFFEF~ENCES 1 .. 439999993E-2 
STANDARD DEVIATION~F DIFFERENCES 0.1803349971 
11 t 11 V'~L.UE o. 2~52~:j l2~.::~623 
WITH 9 DEGREES OF FREEDOM 
7.19 Women's Mean Power Output During the Wingate 
Anaerobic Test (W) 
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PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
DI3S 
NO. 
VP,P. X. Vl'lR. Y. 
1. 
2 
4 
6 
7 
f3 
9 
10 
11 
TE!3T 
521.000 
417.000 
4~:;5 n (lOO 
:318.000 
528.000 
~;75. 000 
448.000 
5.-'+ 1 .. 000 
~555. 000 
454.000 
4·62.000 
NUMBER OF DATA PAIRB 11 
HETEBT 
535.000 
·1·:3::-i. 000 
4~:57 to 000 
322 .. 000 
5:37" 000 
558.000 
468.000 
57~3 .. 000 
5c-J 1. • 000 
4 LH·.000 
i:j.55.000 
TEST RETEBT 
MEAN 479.4545454 
BTANDARD DEVIATION 74.30661294 
486.0909092 
75 .. 5770~528 
CORRELATION COEFFICIENT 0" 9BOB5·i·226'7 
vJ IlH 9 DEGF,EE:S Of 0 FREEDOt1 
Ut U TEBT FOR COf<RELATED DATA 
**************************** 
NUMBER OF DATA PAIRB 11 
I"IEAt.1 or= DIFFERENCES --6. 6363636:,;:3 
STt-,NDP,PD DEVIATION OF DIFFERENCE~'l 14.7J.Cil.f397 
"t" VALUE -1.495349173 
WITH 10 DEGREES OF FREEDOM 
.. 
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7.20 Women's WMP / Mass (W-kg- 1 ) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS W'd:'. X. W\R. Y. 
}',lO. TEST RETEST 
1 '7.410 '7.1,,:1.0 
, .. \ 
..:~ 7.[350 fl • 180 
"';I' 
-' 
5 .. 5~iO 5N650 
4 1".040 6.0130 
5 7 .. 8:30 7.870 
6 B.310 8.0'10 
7 7.790 D.090 
i,) 7 .. 660 8. 100 
9 '7 .. 530 "7 .. 5:30 
10 7.070 6.8BO 
1 1. '7 .. 650 
NUI1BER OF DiHA PIHRS 11 
TEST 
MEAN 7.339090908 
SH\NDi',nD DEV I P,T I OH (). E1190~"3'77E1 
'7 .. 56.>0 
PETEST 
7.4218H1178 
0.861.867'7501 
CORnELATION COEFFICIEHT 0.9689561143 
WITH 9 DEGREES OF FREEDOM 
"t" TEST Fm, CDnnELATED DATA 
**************************** 
NUMBEn OF DATA PAIRS 11 
MEAN OF DIFFEPENCES -8.272727302E-2 
STANDARD DEVIATION OF DIFFERENCES 0.2136862612 
"t" VALUE -1.284010133 
WITH 10 DEGREES OF FnEEDOM 
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Appendix 8 
Raw data from the trials which assessed the reproducibility 
of post Wingate Anaerobic Test blood lactate measures 
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8. 1 Men 
F'E('\F:SON PfmDUCT l"ICWIENf COnREU\"!' I ON Cor'::FF I C I EI\!T 
********************************************** 
OB" V{~R~ X" 
NO .. , TEf:1T 
1 8. "lOO 
"' 1.f~ • 600 -.
3 12 .. ~,200 
,4 12" 100 
1.7: 
.J 12 .. BOO 
6 10.600 
7 :1.3 .. 300 
8 11.600 
9 12 .. ~500 
NUMBER OF DATA PAIRS 9 
'rE~,'r 
MEAN 12.04444444 
"Ti\NDP,F:D DEVIATION 1.672655906 
V?~H .. Y. 
F~ETEST 
9.800 
14.200 
:f. 1. :::::00 
:l 1... :1.00 
1 :3: .. :::::00 
10. 100 
12 .. 500 
1.0. ~:;OO 
1 '''I 
..... ::. .. bOO 
1:~ETES"1" 
11.71111111 
1" 516117116 
CORRELATION COEFFICIENT 
WITH "l DEGREES OF FREEDOM 
O. fJ929'W0684 
"t" TEST For~ CfJRm:::LATED DATA 
**************************** 
NUI"IBEH OF D!~TA PlUm, 9 
MEAN OF DIFFEnENCES 0.3333333333 
STANDARD DEVIATlfJN OF DIFFEHENCES 0.753325959 
"t" VALUE 1.327446622 
WI1'H 8 DEGREES OF FHEEDOM 
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8. 2 Women 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
·*"*****·1(-***·*"****~;·*·~**·*·~(--lE-*****"*""*'-r..**.)(-~.** ****.,*''*,,*** 
DeS VAR. Xw VARn VII 
NO. TEST RETEST 
1 
2 
:::; 
~; 
(:) 
'7 
[;1 
9 
10 
11 
13,,000 
12.900 
0.400 
6.000 
13.600 
12.600 
12.flOO 
9 .. ~500 
1,0" 100 
10.200 
11.6()(J 
NUMBER OF DATA PAIRS 11 
:LO .. 900 
1.1 .. 500 
7.400 
:'5.700 
12.200 
11..500 
12.800 
9 .. 500 
9.700 
9 .. 800 
1:1" 600 
TEST RETEST 
t1EAN 1. O. S'"7272727 
STANDARD DEVIATION 2.366047722 
10 n :236:~;t)3t)::::' 
2 .. 131:1.60662"7 
CORRELATION COEFFICIENT 0.9559475973 
Wn"H 9 DEGHEES OF Ff':EEDOI'1 
"t" TEST FOH Cor,RELATED DATA 
**************************** 
NLIi'IBEf': OF DlyrA PA I HS 11 
MEAN OF DIFFERENCES 0.7363636368 
STANDARD DEVIATION OF DIFFERENCES 0.7060775135 
"t" VALUE 3.458886cr70 
WITH 10 DEGHEES OF FHEEDOM 
I 
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9. 1 Men's Total Reaction Time {ms} 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
******************~*************************** 
OBS VAR. X. VAR. Y. 
NO. TEST RETEST 
1 
2 
3 
4 
::j 
6 
7 
8 
168.400 
215.400 
134.200 
151.500 
159.000 
159.700 
178.000 
152.500 
NUMBER OF DATA PAIRS 8 
160.400 
189.000 
155.100 
153.500 
lc)2.800 
174.800 
168.900 
15"'''.500 
TEST RETEST 
MEAN 164.8375 
STANDARD DEVIATION 24.11798011 
164.8750001 
12.26863015 
CORRELATION COEFFICIENT 0.8676726848 
WITH 6 DEGREES OF FREEDOM 
"t" TEST FOR CORRELATED DATA 
*··~1li··*·~**··*·*******·****··jI!-~(·*~*"·lt·lf***· 
NUMBER OF DATA PAIRS 8 
~1EAN OF DIFFERENCES -3. 75000092E-2 
STANDARD DEVIATION OF DIFFERENCES 14.7890826 
"t" VALUE -7. 17191498E-3 
WITH 7 DEGREES OF FREEDOM 
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Appendix 9 
Raw data from the trials which a~sessed the reproducibility 
of the muscle elasticity measures 
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9. 2 Men's Premotor Time (ms) 
PEARSON PRODUCT t10~lENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. TEST RETEST 
1 
2 
4 
5 
6 
7 
8 
124.000 
167.900 
89.800 
113.100 
116.800 
119.900 
138.100 
112.800 
NUMBER OF DATA PAIRS 8 
118.300 
150.600 
109.900 
105 .. 500 
116.100 
125.500 
121. 700 
11:::'~. 500 
TEST RETEST 
MEAN 122.8 
STANDARD DEVIATION 22.66854333 
120.1375 
13.84588 
CORRELATION COEFFICIENT 0.8877448291 
.JI TH 6 DEGREES OF FREEDOM 
Ut" TEST FOR CIJRF:ELATED DATA 
**************************** 
NUI18EF< OF DATA PAIF~S 8 
MEAN OF DIFFERENCES 2.6625 
STAI'~DARD DEVIATION OF DIFFERENCES 12.178076 
"tU VALUE 0.618380704 
.J I TH 7 DEGREES OF FREEDOI'1 
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9. 3 Men's Electromechanical Delay (ms) 
PEARsm·.1 PRODUCT ~'IOi"IENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. TEST RETEST 
1 44.400 42.200 
2 47.500 38.500 
3 44.500 45" 2()O 
4 :36.700 48.000 
5 42.300 46.800 
6 39.900 49.400 
7 :,6.900 47 .. ::::;00 
8 39.800 41.100 
NUMBER OF DATA PAIRS 8 
TEST RETEST 
MEAN 41.49999999 
STANDARD DEVIATION 3.848933059 
44.81250001 
3.816294947 
CORRELATION COEFFICIENT -0.6853681847 
~j ITH 6 DEGREES OF FREEDot1 
"t" TEST FOR CORRELATED DATA 
**************************** 
NUI1BER OF DATA PAIRS 8 
t1EAN OF D I FFEf,ENCES -3.3125 
STANDARD DEVIATION OF D!FFERE~ICES 7.03652461 
"t" VALUE -1. 3315046 
WITH 7 DEGREES OF FREEDOM 
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9. 4 Men's Force Developing Time ems} 
PEARSON PRODUCT t'lOMENT CORRELATION COEFFICIENT 
********************************************** 
OHS VAF:. X. VAR. Y. 
NO. TEST RETEST 
1 8.700 13.100 
2 10.300 5.300 
.,,' 
-' 
10.600 8.200 
4 6.900 17.400 
5 18.200 9.200 
6 12.800 13.700 
7 8.300 10.900 
8 5.100 9.700 
NUt'IBER OF DATA PAIRS 8 
TEST RETEST 
MEAN 10.1125 
STANDARD DEVIATION 4.028979843 
10.9375 
3.739724016 
Cor~RELATION COEFFICIENT -0.2518585486 
~JI TH 6 DEGREES OF FREEDot1 
"t" TEST FOR CORRELATED DATI~ 
**************************** 
NW'lBER OF DATA PAIRS 8 
MEAN OF DIFFERENCES -0.824999999 
STANDARD DEVIATION OF DIFFERENCES 6.14880941 
"t" VALUE -0.379496618 
WITH 7 DEGREES OF FREEDOM 
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9. 5 Men's Elastic Charge Time (ms) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS 
NO. 
VAR. X. VAf~. Y. 
1 
2 
3 
4 
::;; 
6 
7 
8 
TEST 
36.600 
37.200 
33.900 
29.800 
24.100 
27.100 
28.600 
34.700 
NUMBER OF DATA PAIRS 8 
RETEST 
29.100 
33.200 
37.000 
30.600 
;,;"/.600 
35. '700 
36.400 
31.400 
TEST RETEST 
l'lEAN 31.49999999 
STANDARD DEVIATION 4.779719053 
33.87499999 
3.239:378247 
CORRELATION COEFFICIENT -0.608673525 
~J I TH 6 DEGREES OF FREEDOM 
"t" TEST FOR COm,ELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 8 
MEAN OF DIFFERENCES -2.375 
STANDARD DEVIATION OF DIFFERENCES 7.22411636 
"t" VAL.UE -0.929873508 
WITH 7 DEGREES OF FREEDON 
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9. 6 Women's Total Reaction Time (ms) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. x. VAR. Y. 
NO. TEST RETEST 
1 191.000 154.500 
2 179.900 173.200 
3 228.800 204.400 
4 175.800 160.700 
5 186.000 172.000 
6 159.300 171.800 
7 173.900 152.900 
8 161.500 172.400 
NU~IBER OF DATA PAIRS 8 
TEST RETEST 
MEAN 182.025 
STANDARD DEVIATION 21.81491954 
170.2375 
16.1479709 
COF<RELATI ON COEFF I C I ENT 0.6398409272 
~JITH 6 DEGREES OF FREEDot1 
"t" TEST FOR CORRELATED DATI-\ 
**************************** 
NUMBER OF DATA PAIRS 8 
MEAN OF DIF~ERENCES 11.7875 
STANDARD DEVIATION OF DIFFERENCES 16.9073473 
"t" VALUE 1.97192878 
~J ITH 7 DEGREES OF FREEDOI'1 
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9. 7 Women's Premotor Time ems) 
PEARSOI'l PRODUCT t'IO~lENT CORRELATION COEFF I C I ENT 
*******.~*.*,**************************.~********* 
OBS VAR. x. VAR. Y. 
NO. TEST F(ETEST 
1 
2 
3 
4 
5 
6 
7 
8 
145.200 
136.400 
1BO.700 
137.100 
149.300 
125.300 
116.200 
107.600 
NLit'IBER OF DATA PAIRS 8 
116.BOO 
131.400 
165.700 
127.700 
13B.300 
132.300 
110.700 
132.500 
TEST RETEST 
MEAN 137.225 
STANDI',RD DEVIATION 22.55809961 
131.925 
16.38490159 
CORRELATION COEFFICIENT 0.7152031977 
~JITH 6 DEGREES OF FREEDOM 
"t" TEST FOR CORRELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 8 
~lEAN OF D I FFEREt.CES 5. 3 
STAI'.DARD DEVIATION OF DIFFEr-<ENCES 15.7682321 
"t" VALUE 0.950687666 
WITH 7 DEGREES OF FREEDOM 
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9. 8 Women's Electromechanical Delay (ms) 
PEARSON PRODUCT ~10MENT CORRELAT I Ot~ COEFF I C I ENT 
********************************************** 
OBB VAR. x. VAR. Y. 
NO. TEST RE TEST 
1 45.800 37.800 
2 43 .. 500 41. 900 
3 48.100 38.700 
4 38.700 32 .. 600 
"" -, 36.800 37.700 
6 39.200 36.900 
7 57.700 42.300 
8 53.900 50.200 
NUMBER OF DATA PAIRS 8 
TEST RE TEST 
i"IEAN 45.46249999 
STANDARD DEVIATION 7.481966415 
39.7625 
5.191734506 
CORRELATION COEFFICIENT 0.7196802581 
~JITH 6 DEGREES OF FREEDOI'1 
"t" TEST FOR CORRELATED DI"ITA 
**************************** 
I\IU~1BER OF DATA PAIRS 8 
MEAN OF DIFFERENCES 5.7 
STANDAI,\D DEVIATION OF DIFFERENCES 5.19835139 
"t" VALUE 3.10137453· 
WITH 7 DEGREES OF FREEDOM 
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9. 9 Women's Force Developing Time ems) 
F'EI',RSON F'fmDUCT MOI"IENT COF<f,ELATl or~ COEFF r C I ENT 
********************************************** 
OBS VAR. X. 
NO. TEST 
1 7.000 
2 12.400 
~. 
~, 14.400 
4 7.600 
5 5.300 
6 10.000 
7 16.600 
8 17.900 
NUt1BER OF DATA PAIRS 8 
TEST 
MEAN 11.39999999 
STANDARD DEVIATION 4.663842684 
VAR. Y. 
RETEST 
8.500 
13.300 
8.400 
4.800 
6.100 
5.200 
13.000 
6.<;00 
RETEST 
8.275000002 
3.290570947 
CORRELA TI ON COEFF I C I ENT 0.4730657092 
"JITH 6 DEGREES OF FREEDOM 
"t" TEST FOR CORRELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 8 
MEAN OF DIFFERENCES 3.125 
STANDARD DEVIATION OF D.IFFERENCES 4.24962183 
"t" VALUE 2.0799109 
WITH 7 DEGREES OF FREEDOM 
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9.10 Women's Elastic Charge Time ems) 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VP,R. Y. 
NO. TEST RETEST 
1 
2 
3 
4 
6 
7 
8 
38.800 
31.100 
33.700 
32.100 
31.500 
29.200 
41.200 
36.000 
NUt1BER OF DATA PAIRS 8 
29.300 
28.600 
30.300 
27.800 
31.600 
31.600 
29.300 
43.300 
TEST RETEST 
MEAN 34.2 
STANDARD DEVIATION 4.139703235 
31. 474C}9999 
4.963797512 
CORRELAT IOI'4 COEFF I C I ENT 8. 558087936E-2 
WITH 6 DEGREES OF FREEDOM 
"t" TEST FOR CORFlELATED DATA 
**************************** 
NUMBER OF DATA PAIRS 8 
MEAN OF DIFFERENCES 2.725 
STANDARD DEVIATION OF DIFFERENCES 6.1854091 
"t" VALUE 1.24607181 
~JI TH 7 DEGREES OF FREEDOM 
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Appendix 10 
Raw data from the study which assessed the relationship 
between optimised and Wingate loading derived peak power 
output 
'.' .. 
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10. 1 Men 
MOPP l'!8PP l'!C?!M !"'!9P/M M08F 
1 928.0000 850.0000 12.1800 11~SOOO 74.3600 
-> :25.0000 878 .. 0000 12 .. 1800 10.0200 73.3800 "-
:3 1112.0000 844· .. 0000 13.8000 11.7000 84 .. 4·7GO 
". S;3i) _ 0000 035.COOO 12.230"0 10.7500 20.83(;0 
:5 12.31 aOOOO E75 ... I)I)OO 16.,1100 13 .. 0000 102.1000 
t:~ S'-!·: .. (;OOl:" 7BLi· .. 0000 13.G700 10.8000 87 .. 020() 
7 38S .. 0000 S4·:!. .. 0000 11 .. S500 ! 1 .. 3000 71.8100 
=: 504.0000 812.0000 12.8800 11.:5700 77 .. 0100 
S 1235.0000 1040.0000 !.2 .. 7200 11.5800 108 .. 5 f'I-O 0 
10 e8~~'" 0000 890.0000 l~.t;.SOO 12.5000 82.0000 
11 827.0000 838.COOO 12.S500 11.8500 75 .. 730i) 
12 250.0000 782.0000 1i.5000 10.7000 7(5" 4200 
13 887.0000 877.0000 1:: .. t:·OOO 11.7700 81.S100 
14 1003.000(: 844.001)0 12.2000 11,,1900 88 .. 3100 
15 1205.0000 557.0000 14.2100 11.75£10 10G.!20CJ 
1 ., 
_0 1211.0000 1002 .. 0000 15.23(:0 12.6200 10t.2700 
17 878.0C'00 808.0000 10.8200 !O.lGCO 88 w 681)0 
18 1087.0000 838.0000 14. 1100 1.2.1EIOO ~JO. :~;)OO 
1S 1082.0000 8£;:1 .. 0000 13.8400 12.0200 88.4(;00 
20 1023.0000 873.0000 13.2300 11.2500 84.4000 
i':8:3F i"'1CRP1"'1 MSRPM M8'l.RED M08F:8W M"' 
1 55.8200 125.0000 154.0000 7 .. 3000 0.1000 -0.8G80 
-, 
~ 50.0300 112.4000 138.0000 17.7000 0.1100 --O.SE:SO 
3 52.880(l 117.8000 lS0.0000 15.2000 O.ilS0 -0.5830 
4 57.8800 117.5000 144.0000 12.1000 0.1060 -0 .. 61370 
0\ 55.8200 118.5000 174.0000 20 .. 8000 0.1400 -0 .. 2280 
E 52.8700 108.5000 144.0000 18.8000 0.1230 -0.8840 
7 54.9400 123.8000 153.0000 5.4000 0.0880 -1.0000 
8 51.8800 117.6000 156.0000 10.2000 0.1120 -0 .. 2880 
9 68.2200 118.1000 157.0000 15.8000 0.1210 -0.5840 
10 52 ~ L:\800 143.8000 188.0000 0.0000 0.0880 -0.8830 
11 51.8800 121.2000 181.0<)00 8.5000 0.1080 -0.8880 
1 -, 
"- 54.8400 111.2000 144.0000 6.80<)<) 0.1050 -0.8830 
13 54.8400 121 .. E:OOO 180.0000 12.0000 O. 1120 -O.E8~O 
14 53.4200 116.3000 152.0000 15.8000 0.1170 -0.8870 
15 62.3800 113.6000 158.0000 17.3000 0.1280 -(1,8880 
15 5_8.4800 118.7000 170.0000 17.2000 0.1300 -1.01)00 
17. 65.7300 110.3000 138.0000 7.1000 0.1010 -1.0000 
18 55.4300 120.5000 158.0000 13.6000 0.1180 -0.8880 
18 57.3800 122.5000 184.0000 13.0000 0.1150 -0.8880 
20 57.0300 108.8000 153.0000 14.8000 0.1240 -0.8880 
10. 1 continued ••• 
N3 Clle Si ze 1'41 55 1113 t11 n i f:ll,.{ r:~ i"':.3 x 1 !f) 'Ji"rl 
~,,~r-";:)P 
.. \..'. , 20 (' 
.' 825 
· 
0000 1235. 0000 1013. 
t": 8 i" i;) 20 0 878 
· 
0000 104,0 
· 
0000 882 
· MC:-'/M 20 0 10 .. 8200 16 
· 
4100 13 
· M8P 1>1 20 0 10 
· 
0200 13 
· 
ooeo 1 1 
· M02.;:- ~A .::..v <) 22 
· 
OOOC lOG , 5£:·00 2G • 
jVlSS· = 20 0 50 
" 
0300 8!: 
· 
2200 e:S .. 
MO:? ?:'1 20 ,", 1 OS 3000 1 :;·3 8000 1 1 :3 '.' 
· · · f'!8'i'Pl1 20 0 1'"1"'" O()OC < 7'i 00(10 155 
-0" 
· " · ~~8i:R:;:D 20 0 <) 
· 
CCOO 2C 
· 
SOOt) 1 :::~ 
;'~Q3:=: ~ " 20 0 0 .. Ij2S0 O. 14:)0 0 :.::' :A; 
· j"lR 20 0 -1 
· 
OOCi) 
-0. 82·ti·O -0 
2.8827 
DEGREES SF FRES~OM = 39 
" 
Paired samPLS test : T = S.028G 
D~GREES OF FR~E~CM = 18 
REGRESSION MOPP,M8PP 
20 Rows of data will be used 
Fittsd rssression squation 
--------------------------
MO?P :: 1. 325559 ~, 
-156.871155 
Correlation R 
R-BGUARED 
CORRECTED R-SQUARED 
STANDARD Ei'lROR 
M8P? 
0.8870 
0.S045 
0.7837 
58.3868 
8.6070 
-1.1482 
Mean 
1000 
7000 
1805 
4SI):''t 
0035 
34E5 
405') 
8500 
42:5',) 
1 1 :'8 
8858 
page 320 
St ,j_.D e Ij 
130 
· 88 
· 1 
· 1) 
:2 
· ( . 
"I 
· 1,0 
" 
-' · 
<) 
· 
" '-' 
· 
0.1540 
138.5811 
7:388 
4790 
27:C 
73t::2 
33,(,8 
,-, • ., .. '1 
.;:..::: .. ..:.. 
7 ~, ,., "', '.: I •. 
7178 
:;'1 13 
0:23 
()I)L;8 
-. 
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10. 1 Continued ••• 
T7!ST MOP/M,M8P/M 
T- 5.0535 
D~GREES OF FRE~DO~ = 35 
Paired saMP!~ test : T = 8.2253 
DEGREES OF ~RZ~DJM = lG 
11EGl~ESSIG;'J ~OP/M/:,,!8P/M 
20 Rows of data will be used 
Fitted resression equation 
--------------------------
-1.::SS2C7 
Correlat:on R 
S7ANDARD ERRO:~ 
M82/i"1 
0.781<:-
(;.8:05 
\,." .5288 
('.S148 
7 -
DEQREES OF FREEDOM = 
PairsC saM?lg test : T = 
DEGREES p~ FREEDOM = 
RZGR~SSICN MOR?M,M8R?~ 
20 Rows of data wIll be used 
"Fitted resression equation 
l"iORPM = 
+ 
--------------------------
0.423365 * 
52.423585 
MBRPM 
Ccrrel~tion i~ 
R-SGUA:"<ED 
CORRECTED R-SQUARED 
STANDARD ERROR 
0.5;]55 
0.3484 
0.3101 
8.4041 
TTEST MOElF,M88F 
Two_SaMPle test: T = 
DEGREES OF FREEDOM = 
Paired saMPle test : T = 
DEGREES OF FREEDOM = 
------- --------------
5.8120 
-0 .. 4752 
12.Sf?8S 
38 
:8.0775 
18 
0.2272 
2.7'3:7 
------- --------------
3.0884 
2.4483 
10.0453 
38 
13.2158 
18 
0.1371 
21.4.121 
1 
2 
3 
4 
G 
7 
8 
10 
12 
1: 
14 
15 
18 
:7 
18 
18 
20 
21 
22 
23 
24 
26 
27 
28 
25 
20 
31 
32 
33 
34 
35 
10. 2 Women 
FOPP 
858.0000 
480.0000 
588,,(1000 
481.0000 
467.0000 
~;3~·. 0000 
78S:.0GOO 
84',·.0000 
i.;27 " 0000 
68';.0000 
624.0000 
573.0000 
8':>' .0000 
/33.0000 
81)0.0000 
872.0000 
580.0000 
678.0000 
B07.0000 
71~.OOOO 
755.0000 
755.0000 
5 P ' .0000 
518.0000 
880.0000 
G3~·. 0000 
724.0000 
724.0000 
632.0000 
709.0000 
712.0000 
839.0000 
728.0000 
815.0000 
f8PP 
572 .. (;000 
L]·37 .. 0000 
540.0000 
'+70.eOOO 
488 .. GOC·O 
604.0000 
6!4~GOOO 
1\·15. (::000 
G03.(:.{1I)O 
588.0000 
535.00GO 
803.0000 
G87.0000 
728. (,,000 
641.0000 
508 .. 0000 
587.00<:'0 
539.00(10 
~i74 .. 0000 
838.0000 
717.0000 
358.0000 
506 .. 0000 
553.0000 
554.0000 
680.0000 
821.0000 
512.0000 
620.0000 
588.0000 
538.0000 
GBG .. OOOO 
764.0000 
FOP /1"'! 
12.0700 
10.2::!00 
:'0.G700 
12.8500 
.~O.l!GO 
S.GGOO 
11 .. 2200 
10.8200 
8.10:)0· 
1 () • Eil:;'OO 
11.C200 
10.6800 
:0.7300 
11.0S00 
8.8:'00 
12.2200 
le,. (000 
S.8000 
12.5100 
11.0700 
11.5500 
8.5700 
9.8800 
11 .2300 
11.7200 
12.1300 
:i. 4 • l]·l GO 
1.2.1100 
1.0.8100 
12.0500 
10.7700 
9.8500 
11.5000 
Fe['- /1~ 
10.5000 
8 .. 1800 
10.2100 
1G.2200 
2. o. S:::::~G 
8~55CO 
8.8L!OO 
S.32(1) 
10 • .q':CG 
2.8:500 
S .. 82(1) 
iO.2500 
t:.GCOG 
10.4400 
9~7700 
10.1000 
8.3300 
10.54GO 
9.1400 
8.2'::00 
10.1400 
8.3700 
10.8700 
8.4800 
8 .. 7500 
9.8200 
10.2400 
11.4GOO 
11.3800 
S.8100 
8.2800 
10.0801) 
8.0800 
8.2200 
10.7800 
F08F 
G3· .. 5700 
50.8100 
:5.!~ .. 2500 
42.1100 
7:.1200 
4~> • ~1200 
4E) ~ 7400 
87.2:00 
58 .. 4·700 
[,5.8100 
53_1800 
52.4800 
54 .. 0~OO 
68.2800 
7(;.4<;00 
7.!;. .. 55C-O 
GZ.2GCO 
57.8700 
88.2200 
58.8500 
71.12(;'0 
80.83CO 
83.5000 
50.300() 
48.1400 
70.4000 
80.7000 
61.5000 
73.7500 
BB.8000 
77.2000 
73.0000 
72.8000 
70.5000 
74.5100 
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.=82.F 
4;·0.2200 
34· .. f3300 
35 .. 24:"10 
~1.2COC 
33. S·~·~(H) 
41.Z()cC 
47.0800 
43. 1 GCq) 
34.3·!{-0(: 
i;·,q...6 t .(.:(; 
~·1 .. 2CO(i 
41.1300 
55.5200 
~rO.O:~GO 
52.S70G 
50.0200 
35.81 ::.::) 
~-8 ~ 000:.) 
i;.1.l~80(J 
50.1800 
L}8 ~ 07GO 
43.1600 
38.2800 
42.1800 
29.7300 
44·.5200 
33.7300 
38.3700 
50.0100 
43.5100 
43.8800 
53. ~-800 
52.1500 
." i 
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10. 2 Continued ••• 
FeR?!"! F"8~PM F8i~?:::D FOEF : 2,W FR 
1 103.8000 142.0000 13. 1000 O. 1180 -0.8S80 
2 S!3.4000 128.0000 10.8000 O. 1080 -1 .G(;GO 
3 108.5000 l.38.0000 S .. trOCO O. 1050 --0.8880 
P. 1;:)6 .. 3000 141 .0000 4.3000 o. :.()2G -<).9['5(; 
;::; 1 , .... , 
_v.:. ~(;<)oo 14.t:· .. 0000 17.2000 o. l~'!~O 
-0.8890 
G !.02 .. 80~)O 120.0000 5.2('00 O. }.GOO 
-G.ES70 
7 107.';'000 118.0000 8 .. (OGO O.OS20 
-0.2830 
8 88 .. 20',)0 128.0000 21 .5000 o. 1320 -0 .. 6250 
8 110.3000 142.0000 L!." 7000 ,) . 1010 -O.S8~O 
10 93 .. 4·000 121 .0000 2.8000 O. lOO!) 
-0.8280 
11 105. :.000 135.0000 8.2000 O. 1050 -1 0'-"-1"'" .. vvo." 
12 118 .. :000 1 ~'2. 0000 s. 1000 <).OGLf·O 
-0.8880 
13 10G.1000 130.0000 2.BOOO 0 .. I")SSG --1 .0000 
1~· 120. ,,·000 : L't4. 0000 2.2000 0.0910 -0 .. E,!S70 
,-
-" 
104.2000 133.0000 8" OCf)O O. 1(50 
-0.8880 
16 107.3000 138.(;OOG E.SOGG " ,.1 • 1050 -O .. 88f30 
17 108~OOOO, 128.0000 t.·.GOOO 0.0':33(; ··1 .ocoo 
18 102.0000 142.0000 13.7000 O. 11 L;·O -0 .. 68S0 
l8 88. 1000 128 .. 0000 12. 1000 o. 10£10 -o.ssso 
20 102~8000 123.0000 6.3;)00 0.0880 -0 ~ :3G80 
21 100.4000 135.0000 19.20GO O. 1280 -0.S[,:30 
~" 
..::..::. 83.2000 128.0000 13.S000 o. !210 -·0.8S50 
,,~ 
~..l 11S.00CO 148.0000 5.0000 0.0880 -1.0000 
24 111 .7000 128.0000 0.8000 0.0870 -·0 .. 8880 
25 107.7000 132.0000 2.3000 0 .. 0850 
-0.8870 
2G 88.8000 1'"''' .0000 18.7000 0.1250 -0.8810 
27 104.5000 140.0000 :2.8000 o. 1140 -1 ;(001) 
28 11.8.5000 155.0000 8.0000 O. 1040 
-0.8870 
28 106.4000 156.0000 20.8000 0.1380 -0 .. 8£:80 
30 82.0000 133.0000 18.0000 0.1350 
-0.8880 
31 82.0000 124.0000 12.6000 0.1180 
-0.8880 
32 87.7000 137.0000 18.3000 O. 1260 
-1.0000 
33 87.7000 123.0000 15.6000 0 .. 1250 -1.0000 
34 103.2000 127.0000 6.3000 0.0870 -0.8950 
35 108.5000 130.0000 6.3000 O • 1070 -0.8880 
.• 
'. 
Fe?? 
F8PP 
FOP/M 
FS? 1."1 
F8itPt1 
F8%RED 
:=OEF:SW 
FR 
10. 2 Continued ••• 
Size 
35 
35 
25 
35 
35 
l"!issir,g Minilt.Ll~ 
<) 427.0000 
o 415.0000 
<) ~J.1CGC) 
o :3 .. Ei;{)i) 
o ___ .. 3:500 
o E7.70CO 
o 11S.0000 
(I 0 .. 8000 
£) O .. 087C~ 
o -1 .. 0000 
TTEST FDPP,F8?P 
821.0000 
802· ~ 0000 
14~4100 
87 .. 21 ;;i) 
3~ S2':)0 
120 .. £,·(;00 
158 ~ (::OO{) 
21 ~ 5000 
0 .. 1380 
-(';.565:.:': 
T~6~SaMple test: 7 -
Mean 
854.5714 
586.7428 
1,1 .. 07L;·G 
.... ' .. S 1 G3 
C~2 .. 4837 
43.50:-r7 
10.0888 
-(;:.888;' 
2.S5'32 
DEG~EES OF ?RE~DOM - 88 
Paired saMPle test : 7 = 
DEGREES OF FREEDOM -
REGRESSION FOPP,F8P? 
35 Rows.oF data will be used 
Fitted re~ression e~uation 
S .. 21S3 
34· 
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102 .. 75[:5 
80.127l 
C.~72E 
:0 ::.53:: 
(l 01(~3 
O.C03 .. ~· 
------- --------------
'. 
FOPP = 
+ 
1.031S'4·3 * . 
49.488071 
Correlation R 
R-SGUARED 
CORRECTED R-SGJARED 
STANDARD ERROR 
F8P? 
0.8051 
0.8183 
0.8138 
44.3425 
12.2301 
0.8883 
I). 084~· 
50.0718 
10. 2 Continued.-;.-· 
TWO_SaM?~e test: T = 
DEGREES OF FR~E~OM = 
Paire~ samp:e tes~ : r : 
DSGRE~S OF PREEDCM = 
RSG2ESSICN FC?!MfFe?j~ 
o~ cata . ~... . iJ l .:... J e US€-G 
Fitted reg~ession E~uation 
--------------------------
FG?lM = :..189:75 * 
-0. 8GS5':. [!. 
CcT'';"''ela~iQ\; R 
CDR~ECT~D R-SGUA~ED 
STAi\DA:;'!) ER~GR 
0.7325 
0.5385 
0 .. 5225 
0.7854 
T = 
DSGREES O? FR~EDOM = 
Paired sample tes~ : T = 
D~GREES OF r~EEDOM = 
REGR:SS!O~ FORPM,F9~P~ 
FORP"l = 
+ 
Fitted reBressicn e9uaticn 
O.~43388 * 
20.752408 
F8f-?PM 
Corr'elaticn R' 
R-SQUARED 
CORRECTED R-SQUAR~D 
STANDI',2D ERROR 
0.5817 
0.33£3 
().3183 
8.9807 
TTEST FC'3F,F88F 
Two_SaMPle test: T = 
DEGREES OF FREEDOM = 
.Paired saMPle test: T = 
DEGREES OF FREEDOM = 
page 325 
5.8088 
ss i' 
------- --------------
G. i810 
--0 .. £;·20:' 
14.G221 
88 
22.5710 
34 
4. 1078 
1. 72~,8 
8.5540 
68 
14.3:368 
34 
C .. 1S;'::,) 
:.£270 
17.2285 
-. 
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Appendix 11 
Raw data from the study which assessed the relationship 
between optimised peak power output and mean power output 
during the Wingate Anaerobic Test 
-, 
page 327 ·1 
11. 1 Men 
MOPP t"!3{)t1? ;-:OP/M M30MPlt1 ~"!R 
1- 828 0000 675 0000 • ·7 1800 B. 2300 -0 8880 
· · 
"~ 
· · 825. OGO(; ..... ~ ,~ 0000 , 2 1800 8 2500 SS90 •. :.:: ... ..::.. .. 
· · 
-l.: .. 
1 1 . ., .-
· 
0000 724 
· 
OGCii) 13 
· 
8001) c ~ 
· 
37()O -(I" :::S::::' 
!~ 850 
· 
OO()O 872 
· 
OOC;) J.2 
· 
23CO 8. 7( 1)0 -0 
· 
S·8i'O 
:5 122: 0000 798 0000 · G~ l',100 . O~ "i800 -0 882(1 
· · 
,. 
· 
;:; 942 
· 
(:'000 245 
· 
0000 13 
· 
0700 E 
· 
8200 -0 
· 
EEL.',) 
7 EE:S 
· 
0000 GliO 
· 
0000 ). 1 
· 
8500 E. ~52C1O - ;. 
· 
C~)OO 
8 804 
· 
0000 625 
· 
0000 12. 2800 E! 87;)0 -0 
· 
898(: 
c: 1235 
· 
0000 808 
· 
OGO(l :3 
· 
7200 S 0100 -t) 
· 
EGL,·G 
10 88S 
· 
0(';00 SBD 
· 
01)00 · ." ... .0:.. 
· 
t:·SOO 8 
· 
57:);) -i) " SS20 
i. ;. Q' ...:. 7. 0000 G4S 0000 12 
· 
S5~)O 8 
· 
l~i:)O -(i 
· 
SE 2~j 
12 850 0000 678 .ooee 1 . ,.5000 ~J 1 fJOO -0 8~120 
· " · · 
1 :; 
* * 
,~ -;.t ., 
,. ~. .* 
* 
•• 
OIf ., 
}. :- 1205 0000 7-~ 0000 g 210'.:, f) 8300 -0. S8fiO 
· 
";;t... 
· 
, 
· 
1 El 1"71 1 .0000 730 .. 0000 15. 2::;~)O S 
· 
56:)0 - 1 OGGO _. 
· 
1'7 878. 0000 ~1-I _.,j. 0000 1 .' c' .. 82(;0 7 8700 - GOOO 
· · 
lS 1087 .0000 831 
· 
0000 14 
· 
1 100 8 4300 -0 
· 
S!t:GO 
lE· 1082. 0000 737 
· 
0000 13 
· 
8400 Si 
· 
2900 -0. 8880 
20 1· ... ~· ..... • \./'::".::l' 
· 
0000 889 
· 
000(; 13 .2300 8. SSOO -0 .. 8SS0 
~Je,ft}~ Size Missin!3 :'1i n iir1Ufrl 1'"1 a x i f"llJi:' .'1p2.n Std_Dai.l 
MOP? 20 2 B25.0c)CO 1235.0000 1014.5558 138.1J18 
1130MP 20 2 812.0000 808.0000 685.7222 55.3e;78 
MOPIM 20 2 10.82:)0 16.4100 13.1617 1 .. 2422 
M30MP/I-1 20 2 7.8700 10.5900 8.0494 0.51361 
Mf~ 20 2 -1.0000 -0.9840 -0.8858 0.0045 
., 
" 
11. 1 Continued .... 
TTEST MGPP.M30MP 
T = 9.0881 
DEGREES OF FRE[DOM = 34 
REG~ESS!O~i MOPP,M30~P 
2 Rows Or data have MisSlng values 
18 Rows of data ~J!ll be used 
~opp = 2. I. 7'5S98 * 
-488.3;34-811 -2.3407 
Corr'ela'~iDn R 
i1'-SGUAn'ED 
CORRECTED R-SQUA~SD 
(;.8718 
0.7600 
0.7450 
C5.7651 
Two_SaMPle test: T = 
DEGREES OF FREEDOM = 
Paired sam~le test: T = 
DEGREES OF FREEDOM = 
REGRESSION MOP/M.M30MP/M 
2 Rows of data" have Missing values 
11.8703 
34 
16.3535 
l7 
MOP//1 = - 1.527606 
* 
M30MP/11 , 3.3806 
-0.662316 ,-0.1621 
, 
, 
Cor'relation R 0.6466 
I R-SQUARED 0.4181 
CORRECTED R-SQUARED 0.3817 , 
STANDARD ERROR 1.0554 i 
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0.3057 
0.4505 
4.0848 
" 
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.': i 
11. 2 Women 
!::G:~P F30:"!P FJ?/;"] F-~JOI'~? I ;"1 FR 
: G5!3. GGOO £~7.7 ,,0000 12.0700 7.8800 -o.ossa 
~ L!-S·t).OGOe :g5.0000 1 ('I. 2Gr)O 7.2000 -1- .. 0000 
"-
., 5S2~OOOO _. r- ~ ":':;" .!. .0000 1 1 .2700 7.52(}O --(~. 8£20 
4 481 .OCOO 353.0000 10.G7CO 7.6100 -·0.2850 
~ 717.0000 l}S7 .. 0000 12.8500 E. 1400 --O.SSS·O 
" 
6 487.0000 345.0000 10. 1100 7.5'700 -O.9S70 
7 534.0000 418&0000 S.GG:jt) 7 .. 8800 -0.58:0 
8 788.0000 474.0000 ' . .5200 7~2400 -0.S650 ,. " 
G G ~·4. OGOI) 472.0000 :0'.S200 8 .. 070:) - -0 .. SS·~·;) 
10 42'7.0(:0(1 3Z'+~OOOO s. 1('00 E: .. 8500 -0.9520 
11 GS4 .. OOO(l 488.0000 10.8400 '.' ~ SS,)C -, , .0(;0(; 
12 G21'~ .. 0000 453 .. CC'OO 
. , 
.0200 7 .. 84(:0 -G.S82C • c 
13 573.0000 r,.c;·8.0000 10.2500 8.010(; -, .(;0(;(1 
ll~. C21 .0000 5:G6. COUO :!. G .. G20CJ 7~23:);; -:).8::::-10 
15 733 .. 000G 5GS.00(;:0 10.730:'.:1 7.5000 -c ~~Sc:·-:) 
18 800.0000 538.0000 11 .OGOO 7 .. 81 (1,:) .-;) .. S;~!GO 
17 
* * * 
~'(- -~. 
18 
* * " 
.~ ~, 
18 678.0000 478.0000 10.l:-000 7.3500 -~O. 8930 
20 607.0000 418.0000 8.8000 S.880(1 -(.sese) 
21 714.0000 458_0000 12.6:00 8. lS00 -0.8880 
22 
* * '* 
" 
" 
"':1 755.0000 5;:"'i 1 .0000 11 .5500 8. Ll 30G -, .0000 "-~ 
24 5 .... ~ 
"" 
.0000 451 .0000 9.57UO 7.67(;0 -0.S230 
25 518 .. 00CC 37S.0000 8.8801) 7.2300 -0. SS7() 
26 880.0000 415.0000 11 .. 8300 7. 1400 -0.8S·10 
27 634·.0000 410.0000 11 .7200 7.8100 -1 .0000 
28 73<:,.0000 4S0.0000 ' ~ J. ..:. " 1300 7.8700 -O.S870 
28 
" * 
,~ 
* * 
30 
" * * * * 31 
* 
,~ 
* * * 32 712.0000 443.0000 12.0500 7.4800 -1 .. 0000 
33 
* * 
,)t 
* * 
3~, 726.0000 503.0000 8.8500 G.8100 --i).8850 
35 815.0000 520.0000 11 .5000 7.4200 -O~8SGO 
-
Na.f':IE Size Mis31ns i"linlnll~li!l _ !Y!t?\x i MU!'f) Mean Std_Dell 
> 
FOPP 35 7 427.0000 821.0000 647.8643 108.3328 
F30MP 35' 7 324.0000 566.0000 447.6428 63.44,80 
FOPIM 35' 7 9.1000 12.85'00 10.9504 0.5788 
F30MP/M 35' 7 6.8100 8.4300 7.5'882 0.4105 
FR 35 7 -1.00(1) -0.965'0 -0.9955 0.OO70~ 
. , 
11. 2 Continued .•• 
TTEST FOPP,?30MP 
Two_Saitlple test: T = 
DEGREES CF FREE00M • 
Paired saMP:u ~cst : T = 
DEGREES OF ~REED~~ = 
:::~GRESS I O~J FO?P r F3CM? 
7 ~cws of data h2ue Missil19 values 
28 RQ~s of data will be used 
--------------------------
8.3855 
51.:· 
;.7.8815 
27 
FOP? = F30MP 10 .. 13252 
-0.7184 
Correlation R 
l~-SQUAR:=:D 
CORRECTED R-SQUARED 
STANDA:~D ERROR 
0.8016 
0.8128 
0.8055 
48.2048 
TTEST FQP/~~F20MP!M 
Two_SaMPle test: T = 
DEG~E~S OF FREEDOM ~ 
Paire~ sa~p!e ~e5t': T = 
n:-GRE~S O~ FREEDOM = 
REGRESSION FJP/M,F30MP/M 
7 Rows of data have Missins values 
28 Rows of data will b~ used 
16.7821 
54· 
21.2108 
~~ 
~'- , 
Fitted resres5ion equation IT_value 
-------------------------- : -------
FOPI11 = 
+ 
1.255088 * 
1.426472 
Correlation R 
R-SGUARED 
CORRECTED R-SQUARED 
STANDARD ERROR 
, 
:=30MP IM ! 
I 
! 
0.52641 
0.2771 I 
0.2483 I 
0.8480 I 
3.158S-
0.4·722 
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0 .. 1462 
[=36.0828 
0.3876 . 
3. t)212 , 
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Appendix 12 
Confirmation of the normality of the distribution of 
optimised peak power output in men ee) and women ee) 
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12. 1 opp - Men 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
*****************,~**************************** 
OBS VAR. X. VAR. Y. 
1\10 .. 
1 
-, 
.,. 
5 
Cl 
7 
tl 
9 
10 
1l. 
12 
13 
1.4 
15 
16 
17 
18 
1.9 
20 
"-1 .. 8"70 
"'1.4],0 
·-1,.1:50 
... ], .. 130 
·~~O" 7~jO 
·-0.590 
···0 .. 4~50 
-,0.310 
-'On 190 
···0 .. 060 
0 .. 060 
0 .. 190 
0 .. :310 
0 .. 4·50 
0 .. 5 11'0 
0 .. 750 
0 .. 920 
1 • .1 :30 
1"4·10 
1 • f370 
I~GTUAl... 
B2::; .. 000 
850 .. 000 
~389 .. 000 
[')tl9 .. 000 
90,~· .. 000 
917.000 
928 .. 000 
942"000 
950.000 
97B .. OOO 
99'7"000 
1003 .. 000 
1U26.000 
10[')2.000 
lOtl7.000 
111:5.000 
1205"000 
1211 .. 000 
:1.231 .. 000 
1. 2~:::~"s" 000 
NUMBER OF DATA PAIRS 20 
MEAN 
NORM ACTUAL .. 
-1 .. O~jOOOOO 12E·-2 
1013.1 
STANDl-mD DEVIATION 0.9T717fJ9417 no. 758fJ7fJ2 
CORREL.AT ION COEFF I C I EI\IT O. 9,,'/224·1, ~r79 
WITH 18 DEGREES OF FREEDOM 
" 
12. 1 Continued •.. 
REGRESSION LINE ACTUAL (Y) O~I NORM (X) 
Y = 129.4268025 X ~ 1014.458982 
mm 
~IO. 
l 
3 
4· 
6 
'7 
8 
9 
10 
11 
12 
1:5 
1~· 
1 r~:: 
liS 
17 
18 
1 '7 
20 
vm"!. x 
Noml 
--l • fl70 
-1.4l0 
--1. 130 
-1.1::;0 
-0 .. 7:-50 
,~··o" 590 
-0.1.1·50 
-0. cH!) 
-0.190 
-0.060 
0,,060 
0.190 
O. :310 
o . 4~.)O 
0 .. 590 
0.7:50 
0.920 
1 .. 130 
1.4·1.0 
l.I370 
'J{'\R. Y 
ACTU<",L. 
B~:;~5" 000 
8~.~·;O ~ 000 
8B9 .. 000 
889.000 
90[1· .. 000 
9l.7.000 
928.000 
942.000 
950.000 
97fJ.000 
997.000 
1. 00::<:.000 
1026.000 
lOB2 .. 000 
10137.000 
:1.11:3.000 
1.20~5 .. 000 
1 :;~ 11 • oot, 
12:3l..000 
123~). 000 
CP,LC .. 
Y. 
772. LI::a 
[131.96'7 
868.207 
fJ68.20"l 
917. c':89 
9~':B. 09'7 
956 .. 21'7 
9'74. :"::3'7 
9<19. f36f3 
1006 .. 6'':>3 
1.022. 22~5 
1. ():39 " O~:;O 
10:';4. 5B 1 
1072.70l 
1090.821 
1111 " ~:;29 
:I. 12:;:3 .. ~3:3:,2 
1160.711 
1.196.<1)51 
1256. 4 El'! 
STANDAFm EI~ROFl OF ESTH1ATE 34.11266027 
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F\~::f:) I DU(::ll_ 
Y. 
~""52 .. 5ti9 
1 f3 ~ o:~;::~: 
20 .. 79:3 
20 .. 79~5 
--13. :3B'? 
.. -21 ~ 09'7 
-28.217 
·_·32 .. 3:::"7 
~-39. 868 
'~"~~:6. O!::;O 
·-·2D .. 5f:31 
9.2'7'9 
-:~: .. 821 
1. .. 47J 
71 .. 46[3 
50 .. 28',~ 
34 .. 049 
-,:21.437 
-.• 
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12. 1 Continued ... 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
*******.~******~,****************,~***********.~** 
OSS VP:R.. X.. V{~F<.. Y ~ 
NO. NDfU1 ACTUAL 
1 
4 
~ 
•. J 
6 
7 
8 
:lO 
11 
1 ':> 
13 
14 
1 ::; 
16 
1.7 
H3 
19 
20 
.. _. 1. 
" 
·--1 
" 
-1 
· 
--1 
· 
-0" 
--0. 
-o~ 
--0. 
-·0. 
--0. 
o. 
O. 
0 .. 
o. 
0" 
o. 
O. 
1. 
" 
1. 
· 
1 
· 
1370 
itlO 
1:50 
130 
750 
~590 
450 
:310 
190 
060 
o (::i0 
190 
:310 
4~50 
~7590 
750 
920 
1.30 
410 
B70 
NUMBER OF DATA PAIRS 20 
~~~ H 916 
,., 
~::. . (':;29 
'"'} 
.. ::. .. 9,.9 
2. 949 
2 .. 956 
" 962 .~~ " 
''') 
,..: ... 968 
" ..::. .. 974 
,., 
..::.. 978 
,-, 
..:~ .. 990 
I", 
..:: ... 999 
":0" 001 ,.; ... 
-, 01 1 ...: ... 
~~:. .. O:~;Lj. 
~:; .. 0::::6 
~~~ .. 04~~ 
7 
-'. 081 
-, 
.,.; ... 083 
"':,. 
'-~ .. 0(:;0 
:3 .. 092 
NORM AC1UAL 
MEAN -1.050000012E-2 
~5. 0022 
STANDARD DEVIATION 0,,9771789417 5.504600971E-2 
CORRELATION COEFFICIENT 0.9759255636 
l'J I TH 18 DEGEEtoS OF FREEDOI'1 
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12. 1 Continued ... 
REGR~SSION LINE ACTUAL (V) ON NORM (X) 
y ~ 5.497540497E-2 X + 3~002777242 
OBS W1R. X V(~I::;: .. V C(~LC " m'SIDlH~L. 
NO" NOm'l (\CTU,-~L Y. V. 
1_ -1.870 2. ';>16 2 .. 900 0.01.6 
2 -1 .. 410 2 .. 929 2 .. 925 0.004 
::::; -1 . 130 2 .. 9/1·9 2.941 0.008 
4 -1. 1 ::<:0 2 .. 9fJ.("~;' 2.941 0.008 
5 -0" 7~jO 2 .. S;~)6 2. ("-162 -0 .. 006 
6 -0. ~590 2 .. 'j'62 2.'170 -0. OOB 
7 -,0 .. 4~50 2 .. t'16B 2. 9'7f:) ""-0" 010 
8 -0 .. :::'~lO 2. 97l l· 2 .. 9B6 -·Og 012 
9 "-0. 1.90 2.978 2 .. 9<-?~.2 --0.014 
10 ·-0.01,0 2 .. 9 C)O 2.999 -0.00'1' 
11 0 .. 060 ", . .:.. ~ Si9r.j' 3 .. 00h -0 .. 007 
1 ."\ 
.. .::. O. 1"!0 ":r ~M' .. 001 ~~; .. 01~; -0. ()12 
l:3 O~:~::1.0 3" 01 1 :~::; .. 020 --0.009 
1 '1- 0" 4~50 3" O:::'1.j· ~5" O~,28 0.006 
15 0.5(':;;0 :3 .. O~:'6 3 .. 03!'5 0,,001 
16 o. '7~O :3.046 ~.;. 01.!·4 0 .. 002 
17 o. 920 3.0[31 :~:: .. 05::::; 0.028 
18 1.. 130 3.08:::'\ 3.065 0.018 
19 1..410 :3 .. 090 :3.01010 0.010 
20 1 . [370 3,,092 ~-
-.> " 106 --0.014-
!:"jUti OF ~,(,1UAF(ES OF RES I DUALS 2. 738621 :,>72E --:" 
STANDARD ERROR OF ESTIMATE 1.233473274E-2 
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12 . 1 Co n t inue d . . . 
1300 
r = 0.967 (p < 0.001) 
y = 1014 + 129.4x 
• • SEE = 34.1 
•• 1200 V = 3.3% 
~ 
~ 
~ 1100 ~ 
;:l 
0. 
~ 
;:l 
0 
• 
... 
•• <) 1000 ~ 
0 • 0.. 
"3 •• • <) • 0.. 900 • • 
• 
800 
~, , 
3.10 
• • r = 0.976 (p < 0.001) 
•• y = 3.0 + 0.055x 
SEE = 0.01 
:J 
3.05 V = 0.4% 
0. 
~ 
;:l 
0 
• 
.... 3.00 •• <) ~ • 0 
0.. 
•• 
0-'< • 
oj • <) • 0.. 2.95 • 
bIl 
0 
.....:I 
• 
2.90 
~, 
-2 -1 0 +1 +2 
Distribution 
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12. 2 OPP - Women 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
DB£-) ' ... JAH~ X. W\R. Y .. 
NO. Nor:':M RA\>·) 
1 '~H2 .. 100 427.000 
2 --·1 • 6'-;0 'lb7 .. 000 
3 ..... :1." 450 490.000 
4 -·1 .. 260 49:1. .. 000 
5 -1. 120 ~j18 .. 000 
6 ---0 .. 990 ::):3;4" 000 
7 -0 .. 890 561 .. 000 
8 -0.790 573 .. 000 
9 -0.690 590 .. 000 
10 -0.600 ~j9L1 .. 000 
11. -0 .. 520 607.000 
1 '" -0. '160 624.000 
13 -0.360 6:::;;2 .. 000 
14 ·"~O. 290 6~;4~ 000 
15 -0.210 639 .. 000 
16 --0. 1-1·0 64A .. 000 
17 I -0.010 658 .. 000 
18 0.000 664.000 
:1.9 0.070 672~OOO 
20 O. 140 679.000 
21 0.210 680.000 
22 0 .. 290 709.000 
,~~ 
..::.., . ..:, O. :360 712.000 
2L~ 0.460 '714. (lOO 
,..)~:: 
..:.. • .J 0.520 717.000 
26 0.600 726.000 
27 00690 Tc.::',". 000 
28 0.790 7~$4 .. 000 
29 0.B90 755 .. 000 
30 0.B90 75~5" 000 
31 1. 120 769.000 
32 1.260 7B4 .. 000 
33 1. .. 450 800.000 
34 1.690 B1.5 .. 000 
35 2. 100 f321.000 
NUMBER OF DATA PAIRS 
NORM RAW 
!"IEAN 
-2. 857142696E-3 
654,.9714282 
STANDARD DEVIATION 0.9735670357 102~754B442 
CORRELATION COEFFICIENT 0.9891072649 
WITH 33 DEGr-1EES OF FF1EEDOl"i 
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12. 2 Continued ••• 
REGRES13 I 01\1 LI NE RA,,) (Y) ON Norm (X) 
Y = 104.3950331 X + 655.2696996 
DBS VAI~. X VAf'. V C{;U~. I'lCS I DUl'lL. 
1\10. NDF,~I PAV) Y. Y. 
1 ~-<2 .. lOO 1,'·2"7 .. 000 4:~:;!.J " 0'1·0 '-<1. (ili·O 
"' '- -1.6",0 467.000 4'78.842 -11 .. BLl-2 
~3 -1.4!50 490.000 503. f3Tl -13_ 8T7 
4 -1.260 4-91 • 000 523 .. 732 -::':.~2 .. 7~52 
'7 
.J -1- 1.20 51.8.000 ::i:3;f:1. ~'47 -'20" ~54';r 
6 -0.990 5::'A.OOO 5~51,,919 "-1'7. 91 (:,) 
"7 -0. Bf.'lO 561.000 562. 3~58 -1 .. ~3::;8 
8 --0.790 573 .. 000 572 .. 79[3 o. ~202 
"I -0. \~)90 :::;':?OM 000 5133 .. 2~57 6" 76", 
10 -0.600 ::i96 .. 000 592. 63:~; :3 .•. 367 
11 -0. !520 60'7.000 600 .. '~El4 6. 016 
12 -0. 460 624.000 (,0'7. 248 16" 7c- r '\ ~_t..,;. 
1:5 '--0 .. :3;60 6:32.000 61'7. 687 14·,,::;U 
1 Lf 
-0 .. 290 6::::;4 .. 000 62i.1· .. 9'.1'~5 ~7 .. OO~; 
15 --0.210 "':::'8.000 63:3 .. 3·47 C' .. I::"'~r ... 1 n .=> ... l .• ,) 
l6 --0. 140 644. 000 640. t:.)~54 3 .. ::;JI·,6 
l7 "'0.0'70 6~58" 000 64· 7 • ';162 lO .. (Y3;8 
18 0.000 664.000 6~:;5. 2'/0 8. '730 
19 0.070 67:2.000 662.577 cl. 42~~; 
20 o. 140 679.000 669.885 9Q 115 
21 0 .. 210 680.000 6"17. 19:c, 2 .. f.j:)'7 
22 0 .. 290 '70'1.000 685 .. 544· 23 .. 456 
2:::; o. :560 712.000 6'12. [3:';2 19. 14f::1 
2'1· 0 .. 4·/':'(I '714. 000 703"291 10. 709 
"-, r-: 
. .::. .... , o. ~S20 '71'7.000 '709 .. ~':)55 7.445 
26 0.600 726.000 '717.907 8.093 
27 0.6'10 733.000 727 .. ~$O2 ::5.698 
28 0.'790 734·" 000 '73'7.742 
-:3" 742 
29 0.fl90 7~55. 000 74fl" Hll. "'.fli9 
~;O 0.890 755 .. 000 74[3. 1[31 6.fl1c; 
:51 1- 120 '769.000 7"72 .. 192 -~3 .. 192 
~52 1 .. 260 '7f34.000 '7f36.807 -2.BO'7 
3~'::: i. 4~50 800.000 806.642 -6.64·2 
34 1.690 815 .. 000 8::H.697 -16.697 
"':"(:;-
'-' __ ,.1 .-, .~. lOO f:121.000 874.4·99 ~-.::)::~ .. 4·99 
SUM OF SDUARCB OF RESIDUALS '7'7'78.192072 
BTANDARD ERROR OF ESTIMATE 15.35261509 
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12. 2 Continued ... 
F'EI',RSON PF(ODUCT t1DI"IENT Cl:mHELATHJN COEFFICIENT 
********************************************** 
OSS V{~H.. X.. VAR.. Y .. 
NO. NORM RAW 
1 
2 
5 
6 
7 
8 
''I 
10 
11 
12 . 
13 
lIl-
t:::; 
16 
17 
11:1 
19 
20 
21 
22 
"' , .,b 
2'7 
28 
29 
30 
31 
:32 
-2,,100 
-1.6':10 
"M' 1 .. 4~)O 
-ln260 
-,1 .. 120 
---0" 1,.;11;;0 
--0. fl90 
--·0.790 
-0.6'10 
--,0.600 
-,,0.520 
-·0." 4,,,0 
-0.360 
-0 .. 290 
--0 ~ 21. 0 
-O.l'W 
-0.070 
0 .. 000 
0.070 
O. l·Q·O 
0.2:1.0 
Ow290 
0 .. :~)60 
0.460 
0 .. 520 
0.600 
0 .. 690 
0.790 
0.8'1'0 
O.Ei90 
1.120 
1.260 
:!. .. 4~50 
1.690 
2.100 
NlJl'1Br::F~ OF DATA PiHRS 
NORt1 
'':f''.'!" 
._ ...... , 
2 .. ,'::,70 
2 .. 6 fiO 
2.691 
2.714-
2 .. 72£l 
2.749 
2. 7~)8 
2.771 
2.775 
2.78:" 
2.,001 
2 .. EW;2 
2 .. FJO(-:) 
2,,809 
2 .. D18 
2" (-322 
2.827 
2 .. f3~)2 
:2. EC::, 
2 .. 851 
2 .. 8~~j2 
2 .. 854· 
2.EJ56 
2 .. B61. 
2.f365 
2.866 
2 ~ E~78 
2 .. 87B 
2.886 
2 .. t'39·1.j. 
2 .. 90:::;; 
2.911 
2. '?14 
R()W 
MEA~I -2 .. 8~:571.42696E-·~:' 
2 .. 810(;,571-'12 
STANDARD DEVIATION 0.9735670357 7. 20065131::;E-2 
CORRELATION COEFFICIENT 0.9760848454 
WITH :53 DEGREEf3 OF FREEDOM 
12. 2 Continued ... 
REGRESSION LINE RAW (V) ON NORM (X) 
V - 7.219273419E-2 X + 2.810863406 
DDS 
NO. 
l. 
:~:: 
4 
~" ,., 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
if, 
17 
18 
19 
20 
21 
" ... , .... 
... : .. '::' 
23 
24 
25 
26 
27 
28 
29 
30 
:3: 1. 
32 
33 
34 
35 
VAH"X 
1\lm~I"1 
-",2" 100 
'-:l 6','0 
._j. ,. ·4~SO 
-1.260 
-1. .. l~':::O 
-0"990 
-·-0" 1:190 
-0.790 
-0.6'7'0 
-O~600 
--0 .. :-520 
~-O" 1.1·60 
-0 .. ~::'60 
-0.290 
'-0" 210 
'''·0. 1 4·0 
~~·O" 070 
0.000 
0.070 
0.140 
0.210 
0 .. 290 
O. :360 
0.460 
0.520 
O.6!)0 
0.670 
!). 7't!) 
0.890 
O. E190 
1.120 
1 .• :260 
1 .. 4·~~O 
1..690 
2 .. 100 
VAH.V 
R(~vJ 
2 .. f.:)~?;O 
2.670 
2 .. 6<:10 
2 .. 691 
:2.714 
2 .. 7:;;::8 
2 .. 749 
:2 n '7~5B 
2. T71 
2 .. '77~5 
:2.7B3 
2 .. 7',:5 
2. EIOl 
2 .. 802 
2 .. 806 
2. f307 
2.!31tl 
2 .. 822 
2 .. 827 
2. 8~:;'2 
2 .. 83~'::; 
2 .. B51 
2.854 
2 .. ~1~56 
2.1361 
2 .. 86~i 
2.B66 
2.878 
2.87f] 
~~. f"I,16 
2.1394 
2. 90~::: 
2.911. 
2.91if 
C?\LC. 
Y. 
2.6::59 
2.687 
2.706 
2. 7:~O 
2" 7:30 
2 .. T::::9 
2.7~7 
2 .. 7~5.1.1· 
2.761 
2 .. 768 
2:.77:3; 
2,,7'7B 
2.7El'5 
2.790 
2.796 
:,2.801 
2 .. BOb 
2.B:t1 
2.816 
2.D21 
2.826 
2 .. 8:::::2 
2 .. E:137 
2.844 
2.81J8 
2 .. 85'1· 
2.861 
2.86(3 
2"875 
2.t:175 
2 .. Elrr2 
2M902 
2.91.6 
2.962 
SUM OF SQUARES OF HESIDUALS 8.33107904E-3 
STANDAr;:D ERROr;: 0;::' ESTI MP,TE 1.58888'n62E-2 
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F<E!:>I DW;L 
Y. 
-0"029 
-O.Ot9 
'-0.01 h 
-0 .. O:::~9 
-1).016 
_MO.O~.:t 
()" OO~:2 
O .. Ot)4 
0.010 
0.007 
0.010 
O .. OJ'7 
0 .. Cl!:) 
0.012 
0 .. 010 
O.OOB 
O~ 01.2 
0.011 
0.011 
0.011 
0.007 
0.019 
0 .. 01.5 
0.010 
0 .. 00(-3 
0.007 
O.OOLJ· 
-0 .. 002 
0.003 
0.003 
-,0.006 
-0.008 
--0.013 
-0 .. 022 
-0. Oiff:1 
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%0 2 Continued ... 
r = 0.989 (p < 0.001) 
y = 655 + 104.4x 
SEE = 15.4 • • 800 V = 2.3% 
~ 
~ 
~ 
~ 700 
::l 
0. 
~ ~ ::l 
0 
.... 
'" 
600 ~
0 p... 
-" • ol 
'" 
• p... 500 
•• 
• 
• 
400 
~ , / 
3.0 
r = 0.976 (p < 0.001) 
y = 2.81 + O.072x 
2.9 SEE = 0.02 • • • 
~ V = 0.6 % • ::l 
0. 
~ 
::l ~ 0 .... 2.8 
'" ~ f1/J 0 
• p... 
-" • ol • 
'" 
2.7 p... 
•• 
bl) • 0 
....:l 
• 
2.6 
~, , 
-3 -2 -1 0 +1 +2 +3 
Distribution 
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Appendix 13 
Co nfirmation of the normality of the distribution of mean 
power output during the Wingate Anaerobic Test in men l e ) 
and women ( e ) 
page 343 
13. 1 WMP - Men 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
013[;3 wm. x" vm:~. Y. 
NO. NORM ACTUAL 
1. 
4 
5 
{, 
7 
B 
9 
10 
1 1 
1. .C' 
1 ~5 
1"1-
15 
16 
1"7 
1 El 
-1.820 
-1 " ~~;~50 
--1.0bO 
-0.840 
-0.660 
--0. :'::;00 
-0. ~~;'~:50 
-0.210 
-O.O?!) 
0.070 
0.210 
0 .. ~~;~50 
0 .. ~,)OO 
0.660 
0.<340 
1 .. 060 
:I ... :::;:50 
1.820 
61.:;~. 000 
6:;~cl" 000 
640.000 
6!.f.~) .. 000 
649.000 
66:1 .. (H)O 
6'72 .. 000 
67~)"OOO 
679.000 
689.000 
69';)" 000 
"71.:~; .. 000 
732.000 
7:,4. OOG 
737.000 
760.000 
"7B9.000 
130B.OOO 
NUI'II.lE:r~ OF· Dr..TA PAn,s . 1f3 
NORM ACTUAL 
MEI)N -3 .. A924·5965~iE-l0 
Sl'ANDARD DEVIATION 0 .. 9592398957 55.34788959 
CORr~ELATIDN COEFFICIENT 0.98·18516113 
WITH 16 DEGREES OF FREEDOI'1 
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13. 1 Continued ... 
REGRESSION LINE ACTUAL (VI ON NORM (XI 
V = 56.82567884 X + 695.7222223 
[lBS; VAn. x v"r-, . V I:I'LC. ni::-~s:r. DUPd_. 
1\\0. NIJRt1 AC'T'UAL V. V. 
l. ·-1 .B20 612.000 592~2CY9 19. 701 
2 -1 .. ~:::50 629.000 619.008 9 .. 992 
~5 -1.060 6'·\·0.000 6::"~~; .. 4·87 4.51:::: 
4 ·-0.840 b45.000 64·7 .. 9E3'? -·2.989 
5 ·-0.660 6'.9.000 658.217 -9.217 
6 --0 .. ~soo 661. .000 667. :30'? -6. ;~O9 
7 --0 .. :3~jO /-;72 .. 000 \~75 .. 8~;:3 -:::; .. f:):3;:"; 
8 -0 .. 210 670).000 68::::. "ltl9 -8.789 
9 '-0.070 67<:".000 6'7' 1.. 7 L[. LJ· -12 .. 744 
10 0.070 6f39.000 699.700 -·10 .. 700 
1.1. 0.210 699.000 707 .. 656 -8. 6~56 
12 0 .. :::::50 :71 :::;;" 000 '71~) .. 61 1 ·-2.611 
13 0 .. 500 732.000 724. :I ";"I;~ .. J.J 7.865 
1.4 O. 660 '734. 000 733. 227 0.7'73 
1 ~5 0 .. 8/W 73].000 7L~3. 4:::j6 -6. 1~·56 
16 1.060 760.000 755. <'757 .'f. 043 
17 l .. ~$~;O 7[;)9.000 7"72./j·:57 16. ~563 
18 1.1320 808.000 7'79. 145 8 .. 85~) 
SUM OF SQUARES OF RESIDUALS 1565.833372 
STANDP,cm EF<RDR OF ESTII''lATE 9.fJ92653119 
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13. 1 Continued ... 
, 
OBE) 
NO. 
1 
" ..:~ 
w~ 
,.' 
4 
c· 
,J 
6 
7 
8 
'-I 
10 
11 
12 
13 
1 LJ. 
1 ~:: 
".J 
16 
17 
18 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
*********.~************************************ 
VAR. X. VAR. V. 
N(]m'l iICTUI-'tl.. 
-1.820 2.787 
-1.350 2.799 
-·1 N 060 2" B06 
-0.840 2.[310 
-0.660 2~812 
-0.500 2.820 
-0.350 2.827 
--Oh210 2.829 
-0.070 2.832 
0.070 2.838 
0.210 2.844 
0.350 2~853 
0.500 2.865 
0.660 2.866 
0.840 2.867 
1.060 2.881 
1.350 2.897 
1.820 2.9<)'7 
NUMBER OF DATA PAIRS 18 
NORM ACTUAL 
-3. 492459655E-l0 
2.84111.1111 
STANDARD DEVIATION 0.9592398957 3.404130593E-2 
C:OHRELATION COEFFICIENT 
WITH 16 DEGREES OF FREEDOM 
O.9887874fl'71 
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13. 1 Continued ... 
f(EGHESS I ON L HJE: 1',C;-rU{\L (Y) ON NDHI"I (X) 
Y ~ 3.508988472E-2 X + 2.841111111 
OBE W\F:" X VAI":. Y CALC. m:SIDUI-iL 
NO. NOI'<t1 (-\CTUI',L V. Y. 
1_ '--1.820 2.787 2.7T? 0"010 
" .::. -1 .. ::::~50 2. 79'~ 2" 7'14 0 .. 005 
~:~ 
--' 
-1.060 2 .. 8(;6 2.80'. 0 .. 002 
4 -0. [l40 2.810 2 .. 812 -0,,002 
1.0::' 
,J --0 .. 660 2.f:312 2 .. 818 --0.006 
b -0" :-jOO 2~ Ei20 :2. [124 --0.004 
"7 -'On ~'::;50 2~827 -, Loo 829 -0.002 
8 -0.:210 2. 8~~'f 2.834 -0 .. 00::5 
'f -0.070 2.832 2 .. 8~:::9 ---0" 007 
10 0.070 :2.838 2.844 -'On 006 
1l. o. :'210 2 .. 84/~. :2.8·18 -0 .. 004 
1 .... \ 
.0 0 .. ~:.\~jO 2 .. B53 '-, ...:., ~ 8~7!:::'~ -0_000 
l'~r 
--' 0 .. 500 2 .. 86~) 2.859 0.006 
14 0.660 ., ..::. .. 866 2.864 0.002 
l5 0.840 2 .. 867 2.871 --0. 004-
16 1.060 2 .. 881 2.878 O.OO::S 
1"7 1. 350 2 .. 897 2 .. 8f'::!F3 0.00(1' 
18 1 • 0:20 '2 .. 907 2 .. 905 0 .. 002 
SUM OF SQUARES OF RESICUALS 4.392'f13946E-4 
~1TANDI',RD EHF:[)f, OF ESTIi'1ATE 5.23981 'fB59E-3 
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1 3 . 1 Cont i nu e d . . . 
900 
r = 0.985 (p < 0.001) 
Y = 696 + 56.8x 
SEE = 9.9 
Y = 1.4% 
~ 
• ~ 800 
~ • ~ 
::l 
0. 
~ 
::l 
0 
• • .... 
Q) 
~ 
0 700 • Q., 
• @ •• 
~ • • 
• 
• 600 
~, , 
2.95 
r = 0.9 89 (p < 0.001) 
y = 2.84 + 0.03x 
SEE = 0.005 
2.90 Y = 0.2% ~ 
::l 
0. 
~ 
::l 
0 •• 
.... 2.85 Q) ~ 
0':: 
@ 
• ~ 2.80 
Cl) 
.3 
2.75 
~~,~--~----~--~--~ 
- 2 -1 0 +1 +2 
Distribution 
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13. 2 WMP - Women 
PEARSON PRODUC1' NOMEN1' CORRELATION COEFFICIENT 
**~.***********.~***********.~******************* 
(}BS wm. x. VP,F(. V. 
NO. NORM Hi-\~'J 
1 
4 
6 
7 
f3 
9 
10 
1:[ 
1.2 
1. ::s 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
23 
24 
26 
27 
28 
-:.2 .. 010 
-··1.570 
--1. .. :}70 
-1.140 
-0.980 
-0 .. 850 
-0 .. '120 
··'0.61.0 
--0. ~)lO 
-0./110 
-0.320 
-·0.130 
-0,,050 
0.0::;0 
0.130 
0.220 
0.320 
0.111.0 
0 .. 5tO 
0.610 
0 .. "/20 
o. 8~jO 
0.980 
1.140 
1. .. :320 
1" :570 
2.010 
NUMBER OF DATA PAIRS 28 
::::'21.)',,000 
:~::·!.I·~:i. 000 
::51.~~5" 000 
::::;5:3; .. 000 
:$"79.000 
391 ~ 000 
'11,0.000 
41.:-),,000 
418.,000 
419.000 
427 .. 000 
4·4~5" 000 
/+I.IU.OOO 
4·51. ~ 000 
.l1·5:~:; .. 000 
458.000 
46"7.000 
iI7::";.000 
474·" 000 
479.000 
4813.000 
4.",0. 000 
~)o::-::.. 000 
~:i06 .. 000 
~.:j2C) .. 000 
~}::::;~3 .. 000 
551 .. 000 
566.000 
N()F(I'I R,'<W 
ME!\I\I -8. 92857142E-34LI·7. 64·28572 
STMIDARD DEVI,."TWN 0. 9a4:~Ell.4:?':)5 63. '1-4797476 
cm,F~ELln ICJN COEF"!"' I Cl ENT (>. 9<;·1.J853'1024 
WITH 26 DEGHEES OF F"REEODt'1 
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13. 2 Continued .•. 
REGRESSION LINE RAW (Y) ON NORM (X) 
--_._---------_ .. _--------_._-----------_.-
Y - 64. l.294B957 X + 41+8 .. 21,:;441 '7 
[JBS VAR. X Vr-IR. Y CALC" f'([;=':3 I DU,~L.. 
l\I fJ .. NDI":t1 Hi\.') Y. Y . 
1. -2"010 ~52!L 000 ~$1 C;> .. '~I' ~ ~~. 
...;. ..... .1 4 .. 68~) 
2 -1.570 ::::;11·5 .. 000 :347.5::";2 "-2 .. 5:3:~'~ 
~ . 
. ~ '-1 .570 ~:f!·5 .. on;:.) ::::4'7" 5~~~2 -·-2 .. ::'~::::;2 
4 -1 .. 140 :353 .. 000 31:::'j" 108 -22. lOB 
~~ . 
• J -0.9[30 379.000 :3B:~) n :2.\6 ':? 
-··6 .. ~~,~)tf 
6 ",0 .. 850 :391 .. 000 :::'~9::::: .. 705 --2 .. 70:~j 
7 -0. 720 4·10.000 402 .. OI.~2 7 .. 9~;8 
El "-0 .. 6:tO 415.000 40'J.0'?6 5. 9011-
'J -0 .. 510 418.000 41 ~:'j. 509 2 .. 49l 
l,(> 
-0.410 419 .. 000 '1·2;L .. 922 -~~~ M 922 
11 -0. :3:20 427.000 42'7 .. 694 
-0 .. 6'74 
12 --0 .. 220 4~·3. 000 434. 1,07 El. B<;>::,,; 
1 ~) 
-0. 130 LI·JW.OOO 4:$9. [)'79 8. 121 
14 -0.050 451.000 41.~5 .. 009 1::-,.J p 991, 
1. !:) o. o~;.)o 4~5~:;' .. 000 451 .. 422 1. " ~)i'78 
16 O. 130 LI·58 .. 000 
.:1·56.552 1. 4AfJ 
17 0 .. 220 46'7. 000 LI,6:2" 32!~, 4.676 
lB o. ~::20 '17:::':~ 000 46B. 737 4.26:::; 
19 0.410 47'j·.000 4'74.50', ·-0" 50(':( 
20 0.510 479.000 400.921 -1 .9:::'1 
21 0.610 4B8.000 4B7. :3:31.1· 0.666 
22 0" '720 490.000 '194. ~~;89 
--4. ::m'"l 
,.,'~r 
~,- 0.B50 503.000 502.726 0 .. 274 
24 O. 9t30 ~:-i06. 000 ~:j 1 1 .. Ot:)2 -5.062 
25 1. 140 520 .. 000 52:1, .. 32:3 -1. .. :;'~2~5 
26 1.320 53D.000 ~532 .. 86~.i !5. 1:34 
27 1 • ~)70 551.000 54B.899 2. 101 
28 2 .. 010 566.000 ~)'77 • 1 16 -1 1 . 1. 16 
SLlf1 OF SC!UAHES OF F:ES I DUALS 1115. B05282 
STi~NDARD ERFWR OF ESTIt1P,TE 6.550998991 
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13. 2 Continued ... 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
*******************************.************** 
DUS \Ji~F~. X. V1iH. Y.· 
NO. NOHM RAW 
1 
~ . 
• J 
6 
7 
f:1 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24· 
25 
26 
27 
28 
-,,2. 010 
--l. .. !570 
-j 
· 
~5'70 
-1 
· 
140 
-0 
· 
980 
-0. 8~50 
-0. 720 
-,O~ 610 
-0. 510 
-(> .. 410 
-0. ~~20 
--0. 220 
-0. no 
·'·0 .. 050 
0 .. O~jO 
O. 1 :30 
O. 220 
O. 320 
o. 410 
0 .. t:; 1 0 
O. 610 
O. 720 
O. 8~30 
0 .. 980 
1 
· 
:1. LJ (> 
1 
· 
:::;:~~O 
1 
· 
5'70 
2. 010 
NUMBER OF DATA PAIRS 28 
NORM HAW 
") 
~:.. M 51 1 
'-, 
..:. " ~::;:3B 
.. , 
4. 5::::;8 
., 
• .::. n !::i48 
~ 579 ..::.. 
2. 592 
•. , 
..:: ... 61::": 
,-, 
.~~ n 61D 
. , 
.,:~ .. ~)2:! . 
2. t. '")"') J":"":'" 
2. 6~50 
•. , 
J::' .. 6~·6 
2. 653. 
'" 6~jf.j. .': ... 
2 .. ;S~:)6 
'? 
..:." 661 
2 .. 669 
,., 
.,;.." 67~::; 
,., 
~:~ .. 676 
"! '~H " 6f:-30 
2 .. 68B 
,., 
~. 690 
2 .. 702 
2 .. 704· 
'" ~::. .. 716 
., 
. .:. ... 731 
2. 741 
"' .:.. 75:3 
ME(\r.l -8. 928:571 LJ·2E -32. 6465:5571:2 
STANDARD DEVIATION 0.9842814235 6.339849389E-2 
CORREL(\TION COEFFICIENT 0.9886761697 
WITH 26 DEGREES OF FHEEDOM 
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13. 2 Continued ••• 
REGRESSION LINE RAW IV) ON NORM (X) 
Y = 6.368156:S65E-2 X + 2 .. 6471042'713 
OBS V~,F: • X VAn. Y CALC. F:ESI DlHiL 
NO" NORM RAt·J Y. V. 
1 -·2 .. 010 '"' 4. 51 :l ~.:;~ " ~31 '7 -0. 00£1 
:::: -1 
· 
5'70 2. ~)::::;8 2 .. 5.t.~'7 ~-o .. 0.)9 
~r 
-·1 570 2. ::=j:3D "' !:i 4 '7 M-O .. 009 ,.' 
· 
.:~ " 
4 ·_·1 140 "') 51.\.8 ,., ~5'7 ~;j ·"·0. 02'7 
· 
4. ..:~ " 
~ 
-0. 980 2. 5'79 " 58~j "-0., 006-.J . .:.. ... 
t, -0. n:50 .n', ...::.. ~)9::~ , .. ~ ..:: ... ~i9::::; M-O .. 001 
7 -0. 720 2 .. 61 :"- ,., ". " 601 0" 0:1.2 
cl _NO" 610 '''' .0::. .. 6 Hl ::2 .. 608 o. 010 
9 -0. ~jl0 "' ~:: ... 621 "' ..;; ... 615 0. OOS 
10 -0. 410 2. t: , ... ,0'\ ::o~~ . .:~ 2 .. t..,21 0 .. 001 
1 1 -0. 320 2. 630 .., ~. 627 0. 00::::; 
1 '''' ..:~ -0. 2~,20 '''\ 
..::." 646 '"' ..::: . 6::~::::'~ 0 .. 01:,; 
1 N'.' 
-0. 1:3;0 '0 6~) 1 " 62:8 O~ 0.1.2 
""' 
4. ~. 
14 ·""0. O~;O '" ..:: ... 6::5 /1 "' d:~ " 644 O. 010 
1 :5 o. 050 2. 6:56 2 .. 6::50 0. 006 
16 o. 130 " 661 2 .. 6r.::"~~N 0" 006 .. ::.,. ,"I...J 
1"7 o. 220 " 669 2. 661 o. 008 4. 
18 o. ::-::;20 " 67~) ,", 667 0 .. 008 ..:;. .. .~:. " 
19 o. 410 " .,;~ .. 676 2 .. 67:5 o. 003 
20 o. 510 2 .. 680 2 .. loBI) 0 .. 000 
21 o. 610 '0 ~" 688 2. 6136 O. 002 
,..,,., 
.... O. 720 2 .. 690 "' ..::. .. 693 -0. O!)~5 
2~:'~ o. 850 " 702 2. '701 . o. ()Ol ..:~ g 
24 O. 980 2" 704 " 710 '"·0 " 006 ~. 
25 1. 
· 
140 '0 ~. '7l.6 '"' ..::.. '720 _wO. GOLI· 
26 1 
· 
~:20 ,., ...::. .. 731 2. 7::'Q -0. 000 
2'7 1 .. ::j70 " 741 ") '747 -,0 .. 006 ":w. .;w. 
28 2. 010 2. 75:3 " ~~ .. 771: , '" -0. 022 
SUM OF SQUARES OF RESIDUALS 2.443875724E-3 
STANDARD ERROR OF ESTIMATE 9.695113211E-3 
page 3 52 
13. 2 Continued . .. 
600 
500 
400 
300 
2.8 
2.7 
2.6 
2.5 
r ~ 0.995 (p < O.OOll 
y ~ 448 + 64.1 x 
SEE ~ 6.6 
V ~ 1.4% 
• 
• 
• 
~~<~--~----~--~----~--~----
r ~ 0.989 (p < 0.001) 
y ~ 2.64 + 0.064x 
SEE ~ 0.01 • 
V ~ 0.4% 
• 
• 
••• 
• 
• ... 
• 
" . 
• 
• 
~ < ~-L ____ ~ ______ L-____ ~ ____ -L ______ L-__ ___ 
+3 
-3 - 2 -1 o +1 +2 
Distribution 
? " " 
page 353 
Appendix 14 
Raw data for the comparisons between the anthropometric and 
optimised peak power output characteristics of men and women 
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14. 1 Age (y) 
OBS SAt1PLE 1. SAMPLE 2. 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
~~ 
-'''' 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
24.000 
21.000 
22.200 
21.100 
19.800 
20.100 
23.200 
22.100 
20.000 
21. 800 
23 .. 300 
20.600 
20.900 
18.600 
29. 100 
20.700 
21 .. 700 
21.700 
21. 800 
29.300 
SAMPLE 1. 
20 
22.15000001 
7.44052631 
2.727732815 
VALUE OF F 5.173855746 
WITH 19 AND 34 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 53 DEGREES OF FREEDOM 
1 .. 659635803 
VP,LIJE OF t (Separate variance) 1.371360675 
WITH 19 AND 34 DEGREES OF FREEDOM 
VAL. 
21.700 
20.700 
20.000 
19.800 
20.200 
20.700 
21.000 
21.900 
21.300 
21.200 
22.600 
21 .. 300 
21.600 
22.600 
22 .. 000 
22.000 
18.700 
18.600 
21.100 
20.400 
19.500 
20.200 
21.100 
20.600 
21 .. 500 
22.100 
20.700 
21.400 
22.500 
24.700 
22 .. 000 
22.300 
21.900 
22.700 
21.800 
SAMPLE 2. 
35 
21.26857143 
1.438100843 
1.199208423 
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14. 2 Height (cm) 
OBS 
NO. 
S,;MPLE 1. SAMPLE 2. 
1 
2 
3 
4 
c· 
..J 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
175.700 
181.000 
180.200 
181.500 
178.600 
179.700 
177.200 
174.000 
1'12.600 
176.700 
179.000 
171.800 
177.200 
186.000 
186.500 
176.600 
179.900 
177.200 
181.300 
185.900 
SAMPLE 1. 
20 
179.9299999 
23.55063163 
4.852899302 
VALUE OF F 1. 502514968 
WITH 34 AND 19 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
~H TH 53 DEGF<EES OF FREEDOM 
8.981865294 
VALUE OF t (Separate variance) 9.497283742 
LoJITH 34 AND 19 DEGREES OF FREEDOM 
VAL. 
164.500 
154.400 
159.000 
167.600 
163.500 
164.500 
160.400 
166.800 
166.700 
156.700 
161.700 
160.500 
161.200 
179.900 
171.900 
172.700 
169.700 
162.400 
169.500 
166.300 
163.700 
164.000 
175.200 
159.800 
159.900 
169.000 
166.100 
172. ::";00 
158.900 
163.800 
175.200 
168.800 
161. 900 
172.200 
175.100 
SAMPLE 2. 
165.88 
35.38517654 
5.948544068 
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14. 3 Body Mass (kg) 
OBS 
NO. 
1 
SAMPLE 1. SAMPLE 2. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
76.100 
67.800 
80.700 
77.700 
75.000 
72.100 
74.400 
70.200 
'10.000 
71.200 
70.800 
74.100 
74.500 
75.400 
84.800 
7'1.500 
8'1.500 
77.000 
78.200 
77.600 
SAMPLE 1. 
20 
76.82999998 
34.92115788 
5.90941265 
VALUE OF F 1.903421924 
WITH 34 AND 19 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled va~iance) 
WITH 53 DEGREES OF FREEDOM 
8.46991108 
VALUE OF t (Sepa~ate va~iance) 3.235543925 
WITH 34 AND 19 DEGREES OF FREEDOM 
VAL. 
54.500 
47.600 
52.900 
46.000 
55.800 
46.200 
55.300 
64.500 
5'1.000 
46.900 
60.700 
56.600 
55.600 
76.600 
68.300 
72.200 
68.500 
48.300 
65.300 
61.600 
56.600 
68.200 
65.400 
58.600 
51.900 
57.500 
54.100 
60.500 
54.500 
52.200 
66.800 
59.100 
59.400 
73.800 
70.900 
SAMPLE 2. 
35 
59.19714284 
66.46969754 
8.152895041 
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.14 •. 4 opp (W) 
aBS 
NO. 
1 
S!IMPLE 1. SM1F'LE 2. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
27 
28 
29 
30 
31 
32 
33 
34 
35 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
WIL .• 
928.000 
825.000 
111::$,,000 
950.000 
1231.000 
942.000 
889.000 
904.000 
12:::'~:j. 000 
889.000 
917.000 
850.000 
997.000 
lOO~(. 000 
120~.). 000 
1211.000 
97B.OOO 
1087.000 
1082.000 
1026.000 
SAMPLE 1. 
20 
1013.1 
1'7097.88/.22 
130.7588782 
VAL. 
658.000 
490.000 
59b.OOO 
491.000 
717.000 
'l67.000 
534 .. 000 
76CJ.QOO 
64'-1- .. 000 
427.000 
664.000 
624.000 
573 .. 000 
fJ21.000 
73::;.000 
fJOO.OOO 
672.000 
5';>0 .. 000 
679.000 
607.000 
714.000 
755.000 
75~:j .. 000 
561.000 
518.000 
680.000 
634.000 
734.000 
784.000 
632.000 
709.000 
712.000 
639.000 
726.000 
815.000 
SAI1F'LE 2. 
7C 
....:. • ..J 
654·.9"11. 4·284 
.10558.558 
102.75·1·8442 
VALUE OF F 1.619338949 
~H TH .19 AND 34 DEGF~EES OF FF~EEDot1 
, VALUE OF t (Pooled variance) 
WITH 53 DEGREES OF FREEDOM 
11.2477048 
-VALUE OF.t (Separate variance) 10.5::W6097 
WITH 1'1 AND 34 DEGF<EES OF FREEDtm 
I 
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14. 5 ORPM 
OBS 
NO. 
1 
2 
SAMPLE 1. SAMPLE 2. 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14, 
15 
16 
17 
18 
19 
20 
21 
22 
24 
25 
26 
27 
2B 
29 
30 
31 
-,..., 
~~ 
33 
34 
Nur1BER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
125.000 
112.4·00 
117.900 
1.17.500 
119.500 
108.500 
123.900 
117.600 
116.100 
143.0.00 
121.200 
111.300 
121.800 
116.300 
1 :l ::'>. 600 
119.700 
110.300 
120.600 
122.500 
10B.800 
SA~lPLE 1. 
20 . 
l1B.405 
59. I.}L~36579 
7. 7099'71 :,29 
VALUE OF F 1. 205961.}216 
l~ITH 34· AND 19 DEGREES OF FREEDOM 
SAI~PLES REVERSED TO MAKE F LAf~GER' THAN 1 
~ VALUE OF t. (P601~d variance) 6.337721398 
WITH 5~~; DEI3REES OF. FREEDO~I .' 
VA.LU.E:: OF t (Separate variance) 6.504256625 
\<JITH 34-A~m -;9-D~GREESOF FREEDOM'i. 
VAL. 
103.600 
96.400 
109.500 
106.600 
101.000 
102.600 
107.400 
88.200 
110.300 
93.400 
105.100 
119.100 
106.100 
1~20.400 
104. :WO 
107. ::;00 
108.000 
102.000 
98.100 
103.600 
100.400 
93 .. ::::;00 
119.000 
111.700 
107.700 
96.600 
l.04.500 
119.500 
106.1.}00 
92.000 
92.000 
97.700 
87.700 
1.03.200 
109.500 
SAMPLE 2. 
103.B314286 
71.68692431 
8.46681~$1.14 
.• 
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14. 6 OL (N) 
OBS 
NO. 
1 
SAMPLE 1. SAMPLE 2. 
2 
3 
4· 
6 
7 
8 
9 
10 
11 
12. 
13 
14· 
1 ~:; 
16 
17 
18 
19 
20 
21 
22 
24 
26 
27 
28 
30 
31 
32 
33 
34 
3:-5 
NUMBER OF VALUES 
MEAN 
VAFn AI\ICE 
STANDARD DEVIATION 
VAL. 
74·.400 
73.400 
94.500 
80.900 
103.100 
87.000 
71.800 
77.000 
106.500 
62.000 
75.700 
76.400 
81.900 
86.300 
106.100 
101. :0:00 
88.700 
90.200 
88.400 
94.400 
SAI'1PLE 1. 
20 
. 8~.5. 99999',"17 
153 .. 598<-7472 
12.39350424 
. VALUE OF F 1.30386027 
WITH 19 AND 34 DEGREES OF FREEDOM 
. VALUE OF t (Pooled variance) 
WITH 53 DEGREES OF FREEDOM' 
, . ' " . 
7.02383781 
VALUE .OF t(Separate variance) 6.77079995 
WITH 19 AND 34 .DEGREES OF FREEDOM 
VAL. 
63 .. 600 
50.900 
54.300 
46.100 
71 .• 100 
45 .. 500 
4'~. 700 
87.200 
58.500 
4·5.800 
63.200 
52.500 
54.100 
68.300 
70.400 
74.700 
62.200 
57.900 
69.200 
59. 'tOO 
71. 100 
80.900 
6~3 .. 500 
50 .. 300 
48.100 
70.400 
60.700 
61. 500 
73.800 
68.900 
77.200 
73.000 
72.900 
70.500 
7 /l·.500 
SAMPLE 2. 
35 
6:5. 49714285 
117.8032269 
10.8537195 
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14. 7 Load: BodYweight 
-oBS SAlvlF'LE 1- SAMPLE " ~. 
NO. 
1 
:-2 
3 
4 
~. 
'" 6 
7 
8 
9 
10 
11 
12 
1 ~. 
--' 
14 
1 t5 
16 
17 
18 
19 
20 
21 
..,.., 
"'-~:.. 
...,~ . 
..:..--\ 
2'1· 
25 
26 
27 
28 
29 
30 
31 
:52 
33 
34· 
35 
NUMBER OF VALUES 
MEAl\! 
VAH I I~I\ICE 
STANDARD DEVIATION 
VALUE OF F 
VAL. 
0.100 
0.110 
0.119 
0.106 
0.140 
0.123 
0.098 
0.112 
0.121 
0.0f:l9 
0.109 
0.105 
0.112 
0 .. 117 
0.128 
0.130 
0.101 
0.1.19 
0.115 
0.124-
SAMPLE L 
20 
0.1139 
1.504105262E-4-
1. 226419692E-2 
1.351282145 
WITH 34 AND 19 DEGREES OF FREEDOl'l 
SAMPLES REVERSED TO I"IAKE F LARGER THAN 1 
VAL. 
0.119 
0.109 
0.105 
0.102 
0.130 
0.100 
0.092 
0.138 
0.101 
0.100 
0.106 
0.094-
0.099 
0.091 
0.105 
0.105 
0.09::; 
0.11.4 
0.108 
0.099 
0.128 
0.121 
0.099 
0.087 
0.095 
0 .. 125 
O. 114-
0.104 
0.138 
0 .. 135 
0.118 
0.126 
0.125 
0.09] 
0.107 
SAMPLE 2. 
35 
2.0324-70585E-4-
1.425647427E-2 
~----- ------ -- ---------------------------- -- - -----------------
, VALUE OF t(Poole,d varianc:e) 
-WITH -53 DEGREES' OF FREEDOM '. 
, 1 • 1820:;2640£1 
VALUE OFt (S.p.rate~arianc:e)1.232641475 
WITH 34 AND.19 DEGHEES.OF FREEDOM 
.. 
14. 8 Load v Pedalling Rate, Elevation 
OBS 
NO. 
1 
2 
4 
6 
7 
8 
Cl 
10 
11 
12 
1 ::;; 
14 
15 
16 
17 
18 
19 
20 
21 
21.1· 
26 
27 
28 
29 
30 
31 
33 
34 
35 
NUMBER OF VALUES 
I~EAN 
SAMPLE 1." 
VAL. 
24·9.900 
229.300 
24:::;.000 
234 .. 900 
2:3;9.000 
216.900 
247.700 
235.200 
232 .. 100 
287.200 
242 .. 300 
222 .. 500 
:;:~4·:3 .. 500 
2~~2 .. 500 
227 .. 200 
2:3;9.400 
220 .. '700 
241.200 
2 /+4.900 
:21.7 .. 700 
SAI'1F'LE 1. 
20 
2:'~7 .. 355 
VAIUl-iNCE 
STANDARD DEVIATION 
2:';4 .. 4:;"11.1:144 
15 .. :-$1124:::'~72 
VALUE OF F 1 .. 206366644 
. WITH 34 AND 19 DEGREES OF FF<EEDIJt1 
SAMPLES REVERSED TO MAKE F LAF:GER. THAN 1· 
VALUE OF.t (Peeled variance) 
WJ:TH5~;. DEGF:EES OF FREEDot1 
6.597660286 
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20~/. 200 
192.700 
20f::1 .. 000 
213.300 
202.100 
205" ~500 
21 1' .• 800 
176.400 
220. ~50C 
lB.S .. '700 
210 .. 200 
2~;8. 200 
21.2 .. 200 
240.800 
208.300 
~,"214-. 600 
;21.".100 
204 .. 100 
196.200 
202.900 
20(l" 900 
186.600 
238.000 
22:~:: .. '1·00 
215 .. 400 
193 .. 300 
209,,],00 
238.700 
212.700 
lB']..OOO 
184 .. 000 
195.4·00 
175.400 
206.400 
218 .. 900 
35 
207 .. 2228571 
282 .. 81::::;~jBO:3; 
1".81706218 
-. 
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14. 9 Load v Pedalling Rate, Regression Coefficient 
OHS 
NO. 
1 
S!"t1PLE 1. ShMPLE 2. 
6 
'7 
F3 
9 
1.0 
11 
12 
1 ~:. 
14 
1 ~5 
16 
17 
IB 
19 
20 
21 
22 
23 
26 
27 
2B 
29 
30 
~H 
32 
33 
34 
NUMBER OF VALUES 
l'1EA~1 
VI-lR I!"NCE 
STANDARD DEVIATION 
VAt. .. 
--1.681 
-1 .. 5~':::f:l 
-1.356 
-1 .. 4~51 
-1.160 
-1.247 
.. · .. 1.'724 
-·1. ~)2B 
-l.090 
-,2.:31.'7 
-1.59<] 
-1. 4·~j6 
--1.4B-l 
-1. 167 
-1.070 
-1 .. 182 
-1.244 
-1. 3~~7 
_.:\.. ::~a~5 
-1 .. i~j2 
SI-WIFl_E 1. 
20 
-1.40B550001. 
8. :Y76268166E-2 
o. 289417832~3 
VALUE OF F 1.546961179 
WITH 34 AND 19 DEGREES OF FREEDOM 
SAt1PLES F<EVERBED TO 1'1!"KE F U',F(GEI": THAN 1 
VALUE OF t (Fooled variance) 
WITH . 5c.~ . DEGREES> OF FREEDOlvl 
2 .. 91251.5879 
_VA!::!:!.§ OF ~epal-at", __ ~~.':"i ancE?'>" ___ ::3_. 091620934 
. l>J ITH 341-11\10 j'~ DEGREES OF. FHEEDDMl 
v,-"L. 
-1. 6:~';O 
-1..892 
-1.81.:5 
·-,2 .. :?~:t5 
-1. f!21 
-,2.25,1 
"-2 M 1 :::9 
-1.011 
-1.887 
--·2. O~5 7 
-1.66:, 
-2.270 
-1~962 
-·l.76/1· 
--1 .. 480 
--1 • 11·;0;8 
-1.736 
-1.76:3 
-1..41'7 
-1. 69~3 
-1.41.2 
,-1" 1~)::::; 
--1 .. 874 
-2 .. 222 
--2.237 
-1 .. 372 
-,1.722 
-·1.939 
--1 .. 44:2 
--1 .. 33=i 
_.1. 1l. 9 
--1 .. 3~'!''7 
-1 .. 203 
-1.46·, 
-1.469 
-1.t,8317142El 
0 .. 12'157"76168 
O.35 l"96891.08 
j 
! 
I 
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14.10 LLV (1) 
OBS 
NO. 
1 
SP,I"IF'LE 1. SAI"IF'LE :2. 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 El 
19 
20 
21 
22 
23 
24 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
V!4L. 
7 .. (f30 
7.470 
8. [lOO 
7.440 
7.120 
7.690 
7 N ~500 
6.4·30 
8.410 
7. TO.O 
6.700 
6.720 
6.410 
8.260 
7.970 
8. '.60 
8.470 
6.91.0 
8 .. 500 
7.8:20 
SI4MPLE 1. 
20 
7.591999998 
o. ~j526589479 
0.7434103496 
VALUE OF F 1.336270196 
WITH 34 AND 19 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGEH THAN! 
VALUE OF t (Pooled var-;.ance) 
WITH 5:; DEGREES OF FF<EEDO~I 
10. 298865''J.2 
·VP,LtJE OF t .(Sep,,,,·atev'~I"iance) .10.71903::,49 
W I n:j"34 AND 19 DEGREES DF FREEDOI'1 1 
VAL. 
4.790 
4 .. 550 
4.94·0 
5.260 
5 .. 540 
4.950 
4w:::;00 
7. :320 
5 .. 090 
3 .. 570 
4.630 
4. <130 
4.3:50 
7.890 
6.820 
5 .. 4·60 
4- .. 540 
~5 .. 8~jO 
5 .. 380 
5. t:.)80 
5.090 
4.660 
5 .. 970 
4 .. 950 
5.100 
5.'110 
4.190 
5 .. 000 
4 .. 350 
4.620 
5.760 
5 .. 350 
4.750 
5 .. 580 
5.600 
SAMPLE 2. 
5.225714287 
O. 7::m50 16808 
0 .. 859361205 
-. 
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14.11 LULV (1) 
OBS 
NO. 
1 
SM'IPLE 1. SAMPLE 2. 
2 
~' ~. 
6 
7 
B 
9 
10 
1.1 
12 
13 
14 
15 
16 
17 
lB 
19 
20 
21 
22 
24 
25 
26 
27 
28 
29 
30 
~!.1 
34 
NUt1BEH OF VALUES 
i"IEAN 
V(-)RIANCE 
STANDARD DEVIATION 
VAL. 
4.780 
4,.900 
5.720 
5. 2~:'=:O 
4.540 
~). 350 
4.910 
4.340 
5.660 
5 .. 480 
4.690 
4,.260 
4.200 
6.1'70 
5.24·0 
5.'760 
5q260 
4.790 
5.920 
5.170 
SAI'1F'LE 1. 
20 
5. 1184999'78 
0.319339'7368 
0.56510152'7fl 
VALUE OF F 1.1'77848875 
WITH 34 AND 19 DEGHEEr:; OF FHEEDOl1 
SAMPLES REVEF~SED TO MAKE F _ LARGEF~ TH?\I\I 1 
VALUE OF t _ (Pooled vari. ance) 
WITH 53 DEGREES OF FREEDOM -
10.2853477 
VALUE OF t (Separate variance) 10.52135009 
-WI TH 34 - !',ND -1'9 -miGREES OFFI~EE[)OM-1 
- - I 
VAL. 
3.110 
3 .. 020 
3.290 
3.670 
::.~. '740 
:3 .. ::'::;20 
3.130 
5.060 
3.440 
2.260 
3.140 
3.180 
2.780 
5,,250 
4.580 
3.520 
2 .. 780 
4.090 
3.1,'70 
3 .. 620 
3 .. 390 
2. ';>60 
:5. T70 
3. :)[10 
3 .. 300 
3.74-0 
2.630 
3.010 
2.710 
3.0BO 
3.460 
3 .. 550 
3.0flO 
3 .. 270 
3.480 
SAi"IPLE 2. 
35 
3. ~~9885714~i 
0.3'761,339497 
0.6132976029 
14 • 12 LTA (cm2 ) 
OBS 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1"·' 
13 
14 
15 
16 
17 
if) 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2£1 
29· 
30 
32 
33 
34· 
NU~1BER OF VALUES 
MEAN 
VARI!~NCE 
STANDARD DEVIATION 
SAMPLE 1. 
VAL. 
206.400 
1.91.600 
230.300 
:1.95.200 
216.700 
191.600 
193.600 
190;000 
23/1.600 
208.700 
191.700 
199.4·00 
177.300 
215.500 
229.200 
229 .. 000 
251 .. 700 
21. If • 100 
244.800 
21B.l00 
SAMPLE 1. 
20 
21.1.475 
416.1672373 
20.400177:::;(3 
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SIWIF'LE 2. 
vm .. 
149,,400 
156,,200 
154.100 
1:30" Ij.OO 
180.300 
11~·5 .. 200 
150.500 
202.500 
155.800 
125 .. 500 
160.400 
158.000 
134.700 
224.000 
101.800 
160.800 
145.500 
169 .. 500 
153~800 
157.500 
1 ~54· .. 500 
162.800 
171.200 
1.54.4()0 
170,,000 
175.700 
131.400 
1·18" 900 
139.200 
141. 900 
158.700 
155.300 
160.500 
169. /100 
160.900 
SAt1PLE 2. 
35 
158.5914285 
371.2108065 
19. 2,,6(~31 7:' 
VALUE OF F 1. 121107548 
WITH .19 AND· 34 DEGREES OF FREEDOI'1 
• VALUE OF t (Pooled variance) 
. IH TH 53 DEGREES OF FREEDOM 
9. :3£16264767 
VALUE OF t (Separata variance) 9.435317032 
I~ITH 19 AND 34 DEGREES OF FREEDOM 
-. 
14.13 Suhischial Height (cm) 
OBS' 
NO. 
1 
•. , 
-" 
3 
'I· 
6 
7 
13 
Cl 
10 
11. 
12 
13 
1 ,+ 
15 
1.6 
17 
18 
19 
20 
21 
t· ... '-' 
..::...::. 
2~5 
24 
25 
26 
27 
28 
29 
30 
31. 
34 
NUMBER OF VALUES 
MEAN 
VI-\RIANCE 
STANDARD DEVIATION 
SAMPLE 1. 
ViIL. 
BO.600 
88.400 
86 .. 200 
8 C).100 
87.600 
1'3::;.700 
82 .. !::;OO 
79.800 
S')5 .. 200 
8El. 000 
B~)" 400 
"lE>' 800 
84 .. 000 
137.600 
139.000 
B6.200 
85 .. 700 
131.200 
8,S.500 
90.500 
SAi"IPL_E 1. 
20 
85.79999995 
15. 914736f.12 
~;. 989::527866 
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SAI'1PL.E :2. 
Vi\L. 
"It". 500 
"71. BOO 
T3.200 
78.800 
7~5 .. BOO 
FJO .. 200 
7::3 .. 500 
78 .. 500 
77.500 
7":::'~~800 
713 .. :300 
74"4')0 
T7.800 
B5 .. '1'00 
82 .. 500 
f31.1300 
79 .. 800 
77 .. :300 
81.700 
131.400 
7fl.000 
'76.600 
87.800 
76 .. 500 
74·.900 
81 .. ::;00 
76.{'OO 
F3:3 .. :~:.OO 
73.LJOO 
80. :;;:00 
84" lOO 
79.000 
"72 .. 900 
8 /1.800 
89.1300 
SAI'1F'l_.E 2. 
35 
713.93''\.28576 
18.8:54084 
4 n 33982~)~.:V~·1 
VALUE OF F 1. H134367Z5 
WITH 34 AND 19 DEGREES OF FF:EEDOM 
SAMPLES REVERSED TO t'IAI<E F LAr-~GER THAN 1 
VALUE OF t <Pooled val"iance) 
LH TH 5~3 DEGREES OF FREEDOI'1 
5.807585699 ' 
VALUE OF t· (SE'par-at .. var-i an.:",) 5.944723366 
---------------:--------------. ---_ .. _--._---. -------~ 
"_WItH 34 AND 19 DEGREES OF FREEDot1 
.• 
14.14 ·Subischial Height / Stature (%) 
OBS 
NO. 
1 
3 
4 
6 
7 
8 
9 
1.0 
11 
12 
13 
15. 
16 
17 
18· 
19 
20 
21 
r'\-;" 
.'::.,";' 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
NUMBER OF VALUES 
MEI~N 
W~,fUi\NCE 
STANDARD DEVIATION 
SAI·1PLE 1. 
VAI_. 
4:,. 900 
48.800 
47.800 
49.100 
49.000 
46.600 
46.600 
45.900 
49. ~·OO 
49.800 
47.7CO 
4:5. 900 
47.400 
47.100 
4].700 
48.800 
47.600 
4~5. 800 
47.700 
48.700 
SAIYJPLE 1. 
20 
47. 664999''19 
1. 60B710~j21 
1 .. 268~51~·9526 
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SAMPLE 2. 
VAL. 
46 M ~SO() 
46.500 
46.000 
·47. (lOO 
45" 100 
LI·8.800 
413."100 
47.100 
46 .. 500 
47.100 
48 .. 400 
46.400 
1~8 .. ~.:::OO 
47.700 
11-8.000 
'1·7.400 
47 .. 000 
1].7.600 
413 ~ 200 
1\8.900 
47.600 
46.700 
::;0 .. lOO 
47. ':100 
46.800 
48.100 
46.100 
48. ~>OO 
1.1·(::. .. 200 
49.000 
48.000 
4·6.1300 
45.000 
49 .. 20~) 
51 .. ~SOO 
SAI"IPL.E 2. 
35 
47. 55714:!f37 
1.7666::m652 
1.329149597 
Vi\LUE OF F 1 • 0981706:::;3 
WITH 34 I~ND 1 '7 DEGF,EES OF FREEDCII'1 
SAMPLES REVERSED TO MAKE F LARGER THAN.I 
VALUE OF t (Pooled variance) 
·WITH 53 DEGREES OF FREEDOM 
0.2942493709 
~JI TH 34 AND 19 DEGREES OF FREEDOM 
• '","4 • _., ...• ,..' ... ~ .. ~ ,_. ,',. _" .. ,.,'" 
14.15 Leg Fat (%) 
OBS 
NO. 
1 
3 
4 
c· 
'-' 
6 
7 
B 
9 
1.0 
11 
12 
1 ::~ 
14 
1 :-j 
16 
17 
1.13 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
33 
34· 
35 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
SP,MPLE 1. 
VAL.. 
18.700 
11.000 
14.900 
20.800 
16 .. 500 
18 .. 900 
1~'5 .. 600 
17.700 
16.200 
15.900 
26.400 
1'7.600 
28.200 
15. ('';00 
14.700 
16. ~300 
23. ~500 
19.500 
14.000 
10.800 
SAMPLE 1 • 
20 
17. 664.CJ'~9c;9 
19.6792:'.;684 
4.4·3612B5137 
VALUE OF F 4.8261906 
WITH 34 AND 19 DEGREES OF FHEEDOM 
SAI"IF'LES REVERSED TO MAKE F LARGER THAN' 1 
page 368 
SP,MPLE 2. 
VAL. 
34.100 
20.000 
24.000 
17.000 
20.800 
12.400 
34.300 
18 .. 100 
34.900 
33.500 
44.900 
3:5.600 
41.400 
24·.900 
21;}.700 
44.300 
47.900 
11.500 
40.800 
::';:3. '700 
35 .. 900 
44·.300 
32 .. 300 
39.400 
26.900 
Hl.500 
. 41.000 
33.200 
34.100 
34·. 100 
39. lOO 
:51.100 
40.400 
4~;. 000 
42.000 
SAMPLE 2. 
35 
32 .. 488~3714·2 
94.97574782 
9.745550156 
VAL.UE OF t (Pooled variance) 
l~ITH. 53 DEGREES OF FREEDOt1 
6.4138B9186 
" 
page 369 
14.16 opp / Body Mass (W'kg- 1 ) 
OBS 
NO. 
SAt'IF'LE 1. SI-\MPLE 2. 
1 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1.6 
1.7 
18 
19 
20 
21. 
-"'}'''\ 
.0:: • ...::. 
23 
24 
- 25 
26 
2'7 
28 
2<7 
30 
31 
32 
33 
34 
NUMBER OF VALUES 
t'IEAN 
VARIANCE 
STANDARD DEVII-ITION 
W'L. 
12.190 
12.180 
13.800 
l.2 .. 230 
16.410 
l:.L 070 
11.950 
12.880 
13.720 
12./j-90 
12 .. 950 
11. 500 
13.400 
1.3.300 
1.4. :200 
l.~i. 2:30 
1. 0.920 
1.4.110 
lcS.840 
13.230 
SAMPLE 1. 
20 
1::;.1.8 
1.6144·31579 
1.27060284 
VALUE OF F 1.316820247 
WITH 19 A~ID 34 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 53 DEGREES OF Ff~EEDOM 
6.429251324 
.VALUE OF t (Separate variance) 6.189253265 
WITH 19 AND 34 DEGREES OF FREEDOM 
V!~L. 
12.070 
10.290 
1.1,,270 
10.670 
12.850 
10.11.0 
9.660 
11.920 
10.920 
9.100 
10.940 
11. 030 
10.290 
1.0.6tlO 
10.730' 
11..090 
9.810 
12 .. 220 
10.400 
9.800 
12.600 
1.1"070 
11.550 
9.570 
9.980 
11. 830 
11." 720 
12" 1 ~50 
14.410 
12.110 
10.610 
12.050 
10.770 
9.850 
11.500 
SAMPLE 2. 
3~5 
1.1.074285'72 
1.226007561 
1.107252257 
-. 
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14.17 OPP / LLV (W'l-l) 
OBS 
NO. 
1 
SAlvlPLE 1. S(~MPLE 2. 
2 
~: 
4-
5 
6 
7 
f:l 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
..,'? 
..:...:.. 
23 
24 
"'\~::' 
.. '"' 
26 
27 
28 
29 
30 
31 
33 
34 
NUMBER OF VALUES 
MEAI~ 
VAF(IANCE 
STANDAHD DEVI(.)TION 
VAL. 
132.100 
11.0 .. 4-00 
126'" 500 
127.700 
172.100 
122.500 
118.600 
-140.700 
lift>. BOO 
115.000 
1:::,6. BOO 
126.600 
1 ~35. ~JOO 
121.4-00 
151.300 
lLt3.200 
115 .. 500 
157.200 
127.300 
131. 200 
SAMPLE 1. 
20 
lT5.9200001 
26~5 .. 6'78526 
16.29964804 
VALUE OF F 1.464592548 
WITH 3LI AND_ 19 DEGREES OF Fr~EEDOM 
SAMPL.ES HEVEF~l3ED TO MAKE F LAHGER THAN 1 
VALUE OF t (Pooled variance) 
!,oH TH 53 DEGREES OF FREEDot1 
1.376590666 
VAL.UE OF t (Separate _variance) 1..450615529 
WlrH ~41'\~jD19- D-EGF~EES--6F--FREEDOMl 
VAL. 
137.300 
107.800 
120.f300 
93.400 
129.500 
94. :':;00 
118.600 
105. lOO 
126 .. 500 
119.500 
143.400 
126 .. 500 
132.500 
1.0-'1. 100 
107 .. 500 
146.400 
14B.000 
100,,900 
126.300 
106.BOO 
140.300 
161.900 
126.500 
113. :,,00 
101. 600 
115.100 
151.200 
147.BOO 
lBO.400 
1::::6.800 
12:~:; .. 100 
133.000 
134.600 
130.100 
145.500 
SAI"IF·'LE 2. 
126. 75.l't2858 
389.1107894 
19.725891.34 
" 
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14.18 DPP I LULV (W·l-l) 
08S 
ND .. 
1 
SAt1PLE 1. SA!'1F'L.E 2. 
2 
3 
4 
5 
6 
7 
f! 
9 
10 
11 
12 
13 
1 ij. 
16 
17 
if! 
19 
20 
21 
23 
2·4 
"'1 a:::' .. ..., 
26 
27 
28 
29 
30 
31 
3 C! 
33 
34 
NUMBER OF VALUES 
MEAN 
VAfUANCE 
STANDARD DEVIATION 
VAL. 
194.100 
168.400 
194.700 
181.700 
211.100 
176.100 
181.000 
208.200 
218.200 
162. '1·00 
19~5 .. 500 
199.500 
231.400 
162.500 
·230 .. 000 
210. :300 
186.000 
227.100 
182.800 
1.98 .. 400 
SAMPL.E 1. 
20 
199.2700001 
'749. 776947:~ 
27 .. ~5820552 
VALUE OF F 1.695239138 
WITH 34 AND 19 DEGREES OF FREEDOM 
SAI"IF'LES REVERSED TO MAKE F LARGER THAN 1 
VAL.. 
211.600 
162. :300 
180.900 
133.800 
191.700 
1 '10.500 
170.800 
152. lOt) 
187.200 
189.100 
211.'700 
196.400 
206.200 
156. :0:00 
160.000 
227 .. ~.500 
242.200 
1'14.400 
214.500 
167.700 
210.700 
255 .. 200 
200.200 
16(~.200 
156.800 
181.700 
240 .. 5()O 
243 .. 700 
289.400 
20:'5 .. 300 
204.700 
200.700 
207 .. 300 
222.400 
234.000 
SAMPL.E 2. 
35 
1.96.1628572 
1271 .. 051226 
35 .. 651B05:r7 
"VALUE OF t (F:ClolEid var·iance) 
WITH 53 DEGREES OF FREEDOM 
0.3366497898 
VAL.UE OF t (Separate varianc.~ 0.361675f!62 
-WCn~-34. AND19DEGRE-ES OF FREE-OOI"I! 
I 
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14.19 opp / LTA (W'cm- 2 ) 
OSS 
NO. 
1 
SAMPU:: 1. SAMPLE 2. . 
2 
3 
4 
6 
7 
8 
9 
10 
11. 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2-' 
2f3 
29 
30 
31 
32 
33 
34 
35 
NUMBEr~ OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
. V!~L" 
4 .. 500 
4.310 
4.830 
4.870 
5.680 
4.920 
4.590 
4.760 
5.260 
4.260 
4·.780 
4 .. 260 
5 .. 620 
4.650 
5 .. 2bO 
5.290 
3.890 
5.080 
4,,420 
4. '700 
SAMPLE 1. 
. 20 
4.796499999 
0.21 '76239473 
0.4686405311 
VALUE OF F 1.563082826 
WITH 34 AND 19 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 53 DEGREES OF FREEDOM 
4.251800084 
VALUE O~t:._(Sep"'.::.te var~.an<::_e) __ 4. 5},9471657 
; W I -rH :;:;4 AND 19 DEGREES OF Ff~EEDOM l 
" ._ ' "_"c,~,,._.'"_,,_, ._"~,,,' .:;', '" .... .,1 
VIoL. 
4.400 
3.140 
3.870 
3. Tl0 
3.9ElO 
:::;;.220 
3 .. 550 
~j. 800 
4·.1.30 
3 .. 400 
4.140 
3 .. 950 
4 .. 250 
3.660 
4.030 
4,.980 
4.6:20 
3.4BO 
Ij,.41.0 
3.850 
4.6:20 
4.640 
4,.4],0 
3.630 
3.050 
3.870 
4.820 
4.930 
5 .. 6::~O 
4.450 
4.4,70 
4.580 
3.980 
4.290 
5.070 
SAMPLE 2. 
35 
4.144857144 
o. 343290L~202 
0.5859099079 
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Appendix 15 
Confirmation of the linearity of the relationship between 
optimised peak power output and anthropometric indices of 
the lower limb in men. 
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15. 1 LLV 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
** ·~*·JE-·lf .)f.)f .*,.~ .. ~.)f -tc: •• ~*¥.~ 'l~ .y:-*.* ** *.jt.)f **.~ .. ~ .. * .)':0'* .)( .. * * ,*' ~ .. *.* .~.-¥: .. ** *.* 
eBS VAR. X .. VAR .. Y. 
r·.ID .. LLV PPO 
1 "7 M 0:::;0 (?2f:1.000 
."\ 
..:~ /. 4/0 825.00() 
-; .. 
-, B.BOO 11 ;1.:5. 000 
4· 7 .. /1·40 9~:.5() .. 000 
5 '7 " 160 12~51 .. 000 
6 7" c:)9() 9'4·2.000 
'7 7.500 El8 c;.000 
8 6. 4::~O 904.000 
("\ 
1 8.410 12::::;~::i" 000 
10 "7 .. 7:::;'0 ElB9.000 
11. 6.700 ('i' l '7 .. 000 
12 6.720 850. 000 
1~5 6.'HO 99l.000 
14 Fl.260 100~: .. 000 
15 7.9'70 1.205.000 
16 Fl.460 1211 .000 
1.'7 P 
'" 
470 91f:].000 
18 6.910 108'7.000 
19 fJ .. ~500 1082 .. 000 
20 7.820 1026 .. 000 
NUMBER OF DATA PAIRS 
LLV PPfJ 
1'1EAN 7.594000002 1013.1 
STANDARD DEVIATION 0.7421263901 130.75Fl8781 
COHPEU4T ION cm:FF I C I ENT O. 472~39701. 0:2 
WITH 18 DEGREES OF FREEDOM 
page 375 
15. 1 Continued ... 
REGRESSION LINE PPG IY) ON LLV IX) 
Y ; 83_26917851 X + 380.7538583 
OEi~3 W\F:. X V~\~~" Y C{~L..C ~ F:ESIDUAL 
NO. LLV PPO Y. Y. 
1 7.0::m 1;..~2!3 M 000 966. 1 -"., "N'W -~:::tL :I. :~;6 
,., 
.~ 7.470 £:325" 000 1002 .. 7'75 --1'77. 7'75 
~$ 8. FIOO 1 1 :I.:::~M 000 :1.1 1:3;. ~523 -0.523 
4 '7.4-40 9~30. 000 1.000 .. 277 -·~~O .. :277 
c· 
,J 7. 160 12~51. 000 9'76.961 254 .. O:3t:;) 
6 7. 690 9LJ·2 .. 000 1.0:21.094 -''79 .. Or::';l~. 
'l 7. ~SOO 889 .. 000 :1.005.2"73 -116 .. 2)'3 
B 6. 'l·:JO 904.000 916. 1."75 -12. 175 
9 El. 410 j, 2::~;~:j N 000 IOf.lt . 048 :1.53" 952 
1.0 '7. 7~N:~O 889 .. 000 1024.425 N-l. ::'::~5 .. 42~5 
11 6. 700 9:l7.000 9~::'B. 6~)} -21 .. 657 
1 .. :.~ 6 .. '72.0 Bt:50 .. 000 9 i /.!) .. ~3:;~~:3 --90" :::::2:.,,; 
13 6. 410 99'7.000 914.509 82 .. Ll91 
lIl· El.260 100::>:. 000 1068 .. ~.5~:;7 --6~j p t:i;::i7 
15 7. 9'70 1205.000 :l 044.409 1 t:lO .. ~5'7';' 
16 8.460 121.1.000 1085 .. 21. 1. 1:.25 .. '7r~q 
17 13.470 97f.l.OOO 10f.l6.044 -1 08 ~ Olf.il 
Hl 6.910 lOB7.0!)0 9 CL '-'~. 1.414- 1 :~~O" 856 
19 8.500 1.08:2.000 ],088.542 6 r.~-A ...... - • ..J~'I·"::' 
20 '7. 8~~O 1026.000 lInL919 --·5 ~ 919 
SUM OF SQUARES m= RES I DUALS 252303.0:,,4::; 
STANDARD ERROR OF ESTIMATE 118.3927162 
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15. 1 Continued ... 
Data file Nt_LV 20 data pairs 
~rder 2 polynomial regression 
~olynomial fitted is :-
y :::: 2',47 .. :::'~5330 1. 
+ X 
'* 
-600 .. 9B6~5:::i49 
+ X"V' ". 
'.' 
4~5. 1138966'104 
X Obsel"'vr.:,~d Y Pr~(·=cli ct.t-2d Y 
7.030 928.000 955.6'717 
7. "1,]0 82:5~ 000 97'7 .. 5':;)9 
3.800 111:3.000 l1.::m. 10~; 
7.440 950 .. 000 977. ::m5 
7. 160 1231 .. 000 9.S0 .. 929 
7.690 9/1-2.000 9';>8" 066 
7 .. !500 "89.000 9fJL "::54 
S.4:::';0 904.000 951. 34~5 
3.410 12:::::5 .. 000 10B9n 1D6 
7.7:::';0 "fJ9.000 1001. "99 
S.700 917.000 949 .. 27(;) 
S.720 850,,000 949 .. ~5E3~3 
S.410 997.00') ci~51 .. 758 
3.260 1003.000 1066.3:::8 
7.970 1.20~5" (lOO 1. 02'7 .9:34 
3.460 1211 .. 000 109'7 .. 254 
3.470 97".000 1098 .. 894 
S.'710 10B1.000 (:/52 .. 22~5 
:L.500 :lOfl2.000 110:;;" "'70 
7.820 1026.000 lO11.0~52 
I 
15. 1 Continued ... 
Data file MLLV 20 data pairs 
order 3 polynomial regr'ession 
Polynomial fitted is ,-
Y - 3913.998971 
+ X * -988.65[39761 
+ XA 2 * 96"72109136 
+ XA 3 * -2.270667844 
X Observed Y 
7 .. 030 • 
7.470 
<3.800 
7.440 
7.160 
7.690 
'7.500 
6.430 
8.1110 
"7. 7::;<:,- . 
6.700 
6 .. 720 
6.410 
<3.260 
7.970 
8.460 
8.470 
6.910 
8.500 
.7.820. 
928.000 
825ROOO 
1113 .. 000 
950.000 
12::.1 • 000 
942.000 
889.000 
904.000 
1235.000 
8El9 ... 000 
917.000 
850.000 
997.000 
1003.000 
1205.000 
1211.000 
918,,000 
1081.000 
1082.000 
1026.000 
Hoot mE~an square error = 
Pr'edicted Y 
954.874 
979. 3~j2 
1 :l56. 485 
977.1()6 
960.190 
9';>B. :518 
9Bl.680 
952. 19·Q· 
1089.630 
J~qo~.! _~~:::::_~~ __ 
948.861 
911·8.913 
952.144, 
1067.066 
1028.646 
1097.54,8 
1099 .. 1~55 
951.431 
1104.023 
1011.553 
110.257 
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15. 1 Continued ... 
Data file MLLV 20 data pairs 
or-c:iE:-?r I.~ pDl ynomi al 1 .... £:19re55i on 
Polynomial fitted is --
Y = -37242.18929 
+ X * 21102.64147 
+ XA 2 * -4332.434736 
+ XA 3 * 390.8530827 
+ X····"4 *. -1:;:;.0::39:511 
x Observed Y Predicted 
7.030 
7.470 
8.800 
7.440 
7.160 
7.690 
7.500 
6.430 
8.4·10 
7.7:;0 
6. "lOO 
6.720 
6.410 
8.260 
7.970 
8.460 
8.470 
6.910 
8 .. 500, 
7.820 
928.000 
825.000 
111:~:. 000 
950.000 
1231. 000 
942.000 
889.000 
904·.000 
12::5.000 
8B9.000 
917.000 
850.000 
997.000 
1003.000 
1205.000 
1211.000 
9"78.000 
1087.000 
1082.000 
1026.000 
955 .. 820 
976.861. 
1 i 48. B\~)2 
974.696 
959. "7"74· 
996. 17'l 
979.1.::';9 
950 .. 8'l9 
10',2.904 
1000.322 
9~)1. 827 
951.906 
950. 7:5~$ 
1070.1:59 
1028.936 
1100.5111-
1102.031 
95~5" 5'~·4 
1106.568 
1010.331 
Root mean square error - 109.689 
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15. 1 Continued ... 
Data file ~!LLV 20 data pa;,rs 
order 5 polynomial regressi6n 
Polynomial fitted is ,-
Y - 136315.7951 
+ X * -43199.38472 
+ XA 2 * -829.8716459 
+ X··'·~'::; ~. 1713.0~35376 
+ XA 4 * -217.0913714 
+ X"'5 .~ 8 .. LI·095~33247 
x Observed Y Predicted 
7.030 
7.470 
8.800 
7.440 
7.160 
7.690 
7 .. 500 
6.430 
8.410 
7. '730 
6.700 
6.720 
6.410 
8.260 
'7.970 
8.460 
8 .. 470 
6.910 
8.500' 
7.820 
928.000 
825.000 
1113.000 
950.000 
1231 .. 000 
942.000 
88'1.000 
'104.000 
1235.000 
88'1.000 
91'7.000 
850.000 
99'7.000 
1003.000 
1205.000 
1211.000 
978.000 
1087.000 
1082.000 
1026.000 
" 
933.480 
994 .. 5:::;0 
1192.622 
990.545 
950. :0; l. 9 
1019.428 
998.428 
976.101 
1(),70.: 4,65 
1022.994 
920.409 
'119.243 
983.839 
1054,,, 847 
1038.861 
1078.187 
1079. '12'7 
9':''') 165 
1085.580 
102'1.954 
Root mean square err'Di'" ,- 117.097 
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15. 1 Continued ... 
Data file MLLV 20 data pairs 
order 6 polynomial regression 
Polynomial fitted is "-
Y = -164605.9225 
+ X • 63746.33946 
+ XA 2 * -6590.14184 
+ XA 3 • 61.36796856 
+ X'~"4 * -44·.09013325 
+ XA 5 • 12.08661949 
+ XA 6 • -0.6464062547 
X Observed V Pr-cdi ctcd V 
7.0:30 
7.470 
8.800 
7. '140 
7.160 
7.690 
7.500 
6.430 
8.410 
7. n;o 
6."700 
6.720 
6.410 
8.260 
7.970 
8.460 
8.470 
6.'i'1'Y 
8.500 
7.820 
928.000 
825.000 
j, 11~~. 000 
950.000 
12:31 .. 000 
942.000 
889.000 
904. ,)C.t;> 
1235.000 
889.000 
917.000 
£150.000 
997.000 
1003.000 
1205 .. 000 
1211.000 
978.000 
1081.000 
1.('Fl2.000 
·1026 .. o·bo 
9"lB.B64 
955u989 
1091.130 
955.823 
968.666 
969 .. 663 
9:'56.540 
925.783 
1121. 106 
974.614 
985.358 
9El6 .. 711 
'~17.493 
1090.160 
1018.B07 
1128 .. 320 
1129" t.,)06 
986.542 
1132 .. 489 
988.448 
Root mean square error = 107.464 
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15. 1 Summary 
Deviations from linear 
11 11 2 
Reduction 
Deviations from linear 
11 11 3 
Reduction 
Deviations from linear 
" 11 4 
Reduction 
Deviations from linear 
" 11 5 
Deviations from linear 
11 " 6 
Reduction 
D of F 
18 
17 
1 
18 
16 
1 
18 
15 
1 
18 
14-
18 
13 
1 
ss 
252,303 
243,142 
9,161 
252,303 
243,132 
9,171 
.252,303 
240,634 
11,669 
252,303 
274,234 
252,303 
230,970 
21,233 
All values of F not significant (p > 0.05) 
MS 
14,302 
9,161 
15,196 
9,171 
16,042 
11,669 
17,767 
21,233 
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ftF" 
0.641 
0.604 
0.727 
1. 201 
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15. 2 LULV 
. F'E?\mml'-l P':;:ODUCT 1'10MENT CUI:,F;:EUYf I UN CDEFF 1 C I ENT' 
********************************************** 
OBS VAR. X. VAr~. Y. 
NO. ULLV PPO 
1 
3 
4 
5 
6 
7 
8 
9 
10 
1.1 
12 
1 c.; 
14 
15 
16 
1 '7 
if! 
19 
20 
II.7l'lO 
11.900 
5.720 
5. 2~50 
4 .. 540 
5 .. 3~j() 
4.'11.0 
4. :540 
5 .. 660 
5.4·80 
''''-690 
4.2c'JO 
4·" 200 
6. 170 
5 .. 240 
5 .. 7f.)O 
5.260 
4.7'70 
5. 9~~O 
= .J. 170 
NUMBER OF DATA PAIRS 20 
92l'l.OOO 
825 .. 000 
1113.000 
950.000 
1231.000 
942.000 
8139.000 
'1cl4.000 
1235.000 
889.000 
917.000 
B~50. 000 
997.000 
1003.000 
1205 .. 000 
1211.000 
978.000 
1087.000 
1082.000 
1026.000 
ULLV PPO 
l"lEAN 5. 118500004 1013. 1 
STANDARD DEVIATION 0.5651015278 130.75[38781 
CORRELATION COEFFICIENT 0.3766754179 
WITH 18 DEGREES OF FREEDOM 
--- ----
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15. 2 Continued ... 
REGRESSION LINE PPO IY) ON ULLV IX) 
-----------------------------------
Y -87.15894866 X + 566.9769211 
OBB VAR. X VAf,(. Y CALC. RESIDUAL 
NO. ULLV PPO Y. Y. 
1 4.780 928.000 9Er~:~. 59'7 --55 .. !:Vr7 
2 4.900 825 .. 000 994·.056 -1.69.056 
:::.~ 5.720 1113.000 106~5 .. ~326 47. '+ 7 A1· 
4 5 .. 230 '/50.000 1022.1011<1 -72.818 
~) 4 .. 51.~() 12~::'1. . 000 962 .. 679 2c)8 .. ::~;2l 
6 ~:5 u :3:50 9 /12.000 1 O::::~:2:: .. 277 -91. :;~T7 
7 4.910 8fJ9.000 994.927 -105 .. 927 
8 4.340 901',..000 945 .. 247 -41.21f7 
9 5.660 12~::'::j .. 000 1060.297 :I. "?it-. 70::-::: 
10 5 .. 480 SfJ'ji .. 000 1044·.608 -1:"~~; .. 608 
11 'l·.690 917.000 975 .. 752 ···58 .. 752 
12 4.260 850 .. 000 '138.274 -88.274 
13 4 .. 200 997.000 933.04·5 6~5" 95~j 
14 6. 170 1003.000 1104.74<1 -101.7L~8 
le; ~j" 240 1.205 .. 000 102:5.690 181. ;;,],0 
16 5.760 1211.000 1069.012 141. 988 
17 5 .. 260 978.000 1025.433 -47.433 
18 4.790 1087.000 984.468 102. ~).32 
19 ~5. 920 10t12.000 10t12.958 --0. '75('3 
20 ::i" 170 1()26 .. 000 1017. ~:;a9 B.1I-11 
SUI'1 OF SClUARES OF HESIDUALS 278767.272 
STANDAHD ERROR OF EBTIMATE 124.11-470597 
-.< 
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15. 2 Continued ... 
Data file MULLV 20 data pairs 
order 2 polynomi~l regression 
Polynomial fitted is :-
v .- 883.2942438 
+ X ... ·-37. 60:::: 1. 9051 
-+- X·'·2 
* 
1:2" 160::'; 13'14 
X Obsel"'ved '( P,-",dict",cI V 
4·.780 928.000 981 M 3('i15 
4.900 B25 .. 000 991 .. 00El 
5.720 111.3.000 1066.070 
5.230 950.000 1019.249 
4.5/10 1231.000 96:5.219 
5.350 942 .. 000 10::50.176 
4.910 8t19.000 9'71 • fl2:S 
4.340 '70L~. 000 949. 14~, 
5.660 1235.000 1060.023 
~5. 480 BB9.000 1042.40B 
4.6'i'0 '717.000 '774.415 
4.260 B50 .. 00q ';>4::::.7fl5 
4·.200 997.000 939. Bb';> 
6. 170 100:5.000 1114.212 
~) .. 240 120~:i. 000 1020. 147 
~3. 760 1211 .. 000 1070 .. 1 ~30 
~). 260 '778.000 1021.94B 
.. 
4.7'70 10fl·7.000 982.182 
5.920 1082.000 10fl6.859 
5.170 1026.000 101:'r..91B 
Root. mean square ~error 117.9S'B 
.• 
.• 
15. 2 Continued ... 
Data film MULLV 20 data pairs 
order 3 polynomial regression 
Polynomial fitted is ,-
Y - 18258.87414 
+ X * -10309.73694 
+ XA~ * 2019.848876 
+ X"":'; 
* 
-129.760670,1 
X Ob st.!'!"" vf?d Y 
4.780 928.000 
4 .. 900 8:;;~~). 000 
5 .. 720 l1L~.OOO 
~). 230 950.000 
4·.540 12:::.a .. 000 
5 .. 350 942.000 
4.910 889.000 
4.340 ',04.000 
5 .. 660 1235.000 
5.4·80 B89.000 
4.690 '117.00CI' 
4.260 850.000 
4.200 997.000 
6. 170 100:3.000 
5 .. 240 j.205,OOO 
~j. 760 1211.00() 
5 .. 260 978.000 
4.790 10f37.000 
5.920 1082.000 
5.170 1026.000 
PI'- E,d i c: t ~,c1 
956.789 
971.~)22 
10138.790 
1024.675 
942.415 
10'14.606 
972.914 
952 .. 200 
108,'1.4:";5 
1064.1.14 
948.673 
963.166 
9'1'1 .. 405 
10~)2. 372 
1026 .. 3'72 
1090.877 
102'i'.754 
957.B61 
10<11.608 
1014.452 
Root mean sqllare error - 115 .. 916 
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15. 2 . Continued ... 
Data fi,l<? ~lULLV 20 d,,,ta pair's 
order 4 polynomial regression 
Polynomial fitted is --
Y - -374629.9897 
+ X * 298378.83b4 
+ X"'2 * -88::.,88. 6B60~ 
+ XA 3 * 11569.59462 
+ XA 4 * -564.4679363 
X Observed Y 
4.780 
4,.900 
5~720 
5 .. 230 
4.540 
5. 3~50 
4.910 
'f.340 
5.660 
5.480 
4.690 
4.260 
·4.200 
6.170 
5.240 
5.760 
5 .. 260 
4.790 
5 .. 920. 
5.170 
928.000 
82~5" 000 
111 ~5. (lOO 
9:'50.000 
1231 .. 000 
942 .. 000 
889.000 
904.000 
1235.000 
889.000 
917.000 
850 .. 000 
991.000 
1003.000 
1205.000 
121,1.000 
S'"18.000 
1087.000 
1082.000 
1026.000 
P.."cl:i,cted V 
978.005 
960.661 
),142. 1~',2 
976.246 
101'L 29~) 
1009.032 
959.611 
<'792. ~::'02 
112:$.873 
1055.940 
993.902 
(';153" 2~l8 
907.566 
982.761 
978.473 
1151.7'~6 
98:2;.220 
976.309 
1157.680 
965 .. 024 
F:oot ffi0?a.n squar[~ error - 106.873 
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15. 2 Continued ... 
Da~alfile MULLV 20 data pairs 
, 
order 5 polynomial regression 
Polynomial fitted is ,-
y - -209090.264 
+ X * 154861.7335 
+ X"'2 ... '-3'>'"744.79779 
+ XA 3 * 3555 .. 769852 
+ XA 4 ... 71.75748587 
+ XA 5 * -19.18580278 
X Observed Y 
,~. 780 
4.900 
5.720 
5.230 
5 .. 350 
4.910 
" .. 3'~·O 
5 .. 660 
5.480 
4.690 
4.260 
4.200 
6 .. 170 
5.240 
5.760 
5.260 
4.790 
:-5.920 
5.1'70 
°/213.000 
825.000 
1113.000 
950.000 
1.231.000 
942.000 
889.000 
904.000 
123!S .. 000 
889.000 
917.000 
80';0.000 
997.000 
1.00::::.000 
1205.000 
1211.000 
978.000 
1087.000 
1082.000 
1.026.000 
9'7~~N 215 
';>64.021 
1129 .. 283 
987. 94cc; 
995. 62~'::: 
1.017.170 
963.57'1 
981.176 
1 j.14. 065 
10~:i7 .. 227 
982.759 
955 .. 441 
9:25 .. 247 
1001.2'19 
C;'90 .. 002 
1137.320 
994.336 
9"72.2:16 
1142.90"7 
977.213 
RDDt mean !::;qu~:\I""e t~I"'I'~OI'~ -~ 10'7 .. :31 Cf 
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15. 2 Continued ... 
Data file MULLV 20 data pairs 
order 6 polynomial regression 
Polynomial f!tted is :-
y - -74057.60876 
+ X * 27952.40509 
+ XA 2 * 4453.960617 
+ XA 3 * -2743.877764 
+ X"~'4 * 157.5152752 
+ XA 5 * 44.17728825 
+ X·····I., * -1).,. 454922203 
X fJb t';F2r- vE-?d Y 
4.780 928.000 
4.900 82~). 000 
5 .. 720 1, 1 :t:3. 000 
5. 2~':)O 950.000 
4.540 12:::'~1. 000 
~i .. ~350 9"J.2.000 
4.91.0 EJ89.000 
4.340 904.000 
5.660 1235.000 
5 . .480 889.000 
4.690 '117.000 
4 .. 260 8~jO. 000 
4.200 991.000 
6.170 1003.000 
5.240 1205 .. 000 
5.760 1211.000 
5 .. 260 9"78.000 
4.790 1087.000 
5.920 1082.000 
~ 
..J. 170 1026.000 
P,""ch c:ted 
979.487 
966.765 
1 :L:::'~~) .. 5~51 
980. '+::'0 
1,002.781 
100';>.0'+7 
96~3. 9',2 
981 .. LI·35 
1116.881 
1051 .. 63:-$ 
990.518 
951 .. 71:~~ 
918.5'W 
990. :372 
982.3:'59 
114·5.833 
e'86.421 
978.272 
115"7.148 
970.906 
Root mean square error' _. 107 .. :1. 33 
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15. 2 Summary 
Deviations from linear 
11 11 2 
Reduction 
Deviations from linear 
11 11 3 
Reduction 
Deviations from linear 
11 It 4 
Reduction 
Deviations from linear 
.. .. 5 
Deviations from linear 
.. .. 6 
Reduction 
D of F 
18 
17 
1 
18 
16 
1 
18 
15 
1 
18 
14" 
18 
13 
1 
All values of F not significant 
SS 
278,767 
278,470 
297 
278,767 
268,730 
10,037 
278,767 
228,437 
50,330 
·278,767 
230,347 
48,420 
278,767 
229,550 
49,217 
(p > 0.05) 
MS 
16,381 
297 
16,796 
10,037 
15,229 
50,330 
16,453 
48,420 
17,658 
49,217 
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ttFtt 
0.018 
0.507 
3.305 
2.943 
2.787 
page 390 
15. 3 LTA 
PEIlHEON F'F':ClDLJCT MOI'1ENT CORI,EU\T I DN CCEFF I C I EN r 
******************~*************************** 
OBE, wIn. x . 
NU. LTIl 
j 206" 400 
" 1.9l 600 ..::. 
· 
~: :2::50. ::~;oo 
11· :l9~5M 200 
a:::' ;.J 216. 70') 
6 191 
" 
600 
7 19:"; . 600 
B 1 <"iO. 000 
9 ~,;;~:::!:4 ~ 600 
10 :~OI3 , 'lOO 
1 1 :l91. 
· 
700 
1 ".' 1 "I';> • 400 
1 :::. 1.77" :::;'00 
14 21 t:i. ~500 
1 t':s 2::29 .. 200 
1t. 229. 000 
17 2~51 
· 
700 
1.8 214~ 100 
19 2'1'1· • E300 
20 218" 1.00 
NUMBEn UF DIlTA FAIRS 20 
LTA 
MEAN 211.4750001 
STAI',IDIlF:D DEI.III·rrrON 20.4001.7737 
V(\H" Y. 
I"FD 
9:2:8q 000 
825 .. 000 
1. :t LT,. 0(::00 
950" 000 
12~::;1 . 000 
S)42. t){)O 
8f:~9 .. rH)\) 
C?04. 00\) 
:1. 25~.3 A 000 
8D9 .. 000 
917. 000 
f'::~50 .. CO') 
99'7. 000 
1 oo~.::; ~ (.100 
120~:5. 000 
12:1. 1 , 000 
978. 000 
1.087. 000 
10132. 000 
1026 .. 000 
PPO 
1013.1 
lcW. 7~)f38781 
CURRELATIUN CUEFFICIENT 0.6329442742 
WITH 1.8 DEGREES OF FREEDOM 
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15. 3 Continued •.. 
--------_._---_._---------_._._-_._-----
Y = 4.0569'!860Ci X + 155.1504483 
ellS v(.w;~ .. X V{~F< .. Y Cf~U;. F<ES I DU(~l_ 
NO. I._Tn PFU v. ~( ~ 
1. 206 .. 400 92f.L 000 9'-"';" :51 1 ,,-64. ~51 1 r ... ~ .. 
" . 1'11 60~) 825 .. 000 932. 468 -:1.07 .. LJ6H 
. '-
· 
3 2~50. :300 1 1 1. ::0;. 000 1 Of:19 .. 'lTS :::::::; .. 52'7 
~. :I. 9~5 .. 200 9~7;O .. 000 r}4'7. 07:": 2 .. 927 
r.:: 2t6~ 'lOO 1 ::~~~; 1. 000 10:34-" :~<:r8 1. (/6" 70:',: 
" 
. 
6 191 
· 
60U t.ji:j.2 .. 000 9:32. 46f3 '-? . 5:':::2 
7 193. 600 [:B9. 000 C;~rO .. 5f32 -~)1. " ~1B2 
8 j, <7'0 .. 000 904. 000 925. 976 -:2j 9""- ; . 10 
9 2:~:'LI· .. 600 l2~.::;~5 .. 000 1 i 06" en. E3 1:21:1. OG~,~: 
10 208n 700 8B9. OO(l 1001 " EI42 .. - :I. 1 :.~ .. E~1.J.2 
1 1 191 
· 
700 917. 000 9:~2 .. f3T,: '~'15 .. BT:o 
12 1 f}9. 400 850 .. 000 964. 1 
1 0"\ 
-,,1 14. i . " ... ..::. ..i. .. ::' 
n lT7. :300 9(.'';17 .. 000 874 .. 4::53 1 ~.:;:2 .. :5 1j.) 
14 ~;:~ t ~5 " ~.:.;OO 10'):":. 000 lO29M 1.1·2-:::: ~.~ ~::'~ /::, ~ -1 ~,:~9 
:I. ~:5 229. 200 120;:; . 000 i 08~) ,. 01.0 1 1. '''' 9(';10 .. , .. 
16 22 C)" 000 121 1 000 tOB4. 1 (~!9 
...... ,.- G01 
. 
.~"::'D .. 
17 251 
· 
700 978. 000 1 176. 292 -:I. S)~3.. 292 
18 :21'1. 10() 10n7. 000 1023~ 7:::jO 6~;. 2~.:jO 
19 244" fJOO 1. OEI2. 000 1. :1.40 .. 299 -·66. ::!~9(:? 
20 2:l13 .. 100 1026 .. 000 lCf3(':? .. '1T7 .~~ j,:3 .. 977 
SUM OF SQUARES OF RESIDUALS 1'14714.96G8 
· 15. 3 Continued ... 
Data file MLTA 20 data pairs 
order 2 polyrlomial regression 
polynonlial fitted is ~-
y _ -2385.411143 
+ X * 27"9582689 
+ XA 2 * ·-5.572094442E-2 
x 
206.400 
1 'l 1. .. 600 
2:::::0. :300 
19:'.i .. 200 
216.700 
191.600 
19:3 .. 600 
190 .. 000 
2:34· .. 600 
2Nl. "lOO 
191..700 
19'1. 'lOO 
177. :3:00 
215 .. 500 
229 .. 200 
229 .. 000 
2~)t .. 700 
21.£1·.100 
244.S00 
21S.100 
ObSEII'··VE·d V 
92B.OOO 
B25 .. 000 
1. 1 L5. 000 
950 .. 000 
1.2~~;1" 000 
'?42.000 
SI:19.000 
904 .. 000 
:1.2:35 .. 000 
aB';. 000 
'?l'7.000 
B~(() .. 000 
997.00'0 
lOO:?::. 000 
1205.000 
1211,,000 
't'7f:L 000 
1()S7.000 
1.082.000 
1026.000 
1011. '1·10 
925 .. EJ46 
109(3.046 
948 .. 906 
1. O::i6 .. ~j~j2 
925 .. ~~J(lej 
9:!.~1. 835 
C"il~j .. 131J· 
11 (l£'. 87,~ 
102::2.515 
926 .. 506 
97:":.~. 98:3 
819 .. "iB6 
1051 .. 901 
l09!5 .. 4~56 
:I,(),~4 .. '770 
1121 ~ 602 
1046.272 
ill. 9 .. ~;82 
1061 .. 775 
F~oot mE?i:\n :::~ 96 .. 0~51 
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15. 3 Continued ... 
Data file ML1'A 21) data pairs 
order 3 polynomial Y'egression 
Polynomial fitted is :-
y .. ~ El02f:.)~). 24701-
+ X * -1138~208526 
+ XA~ ~. 5.396524813 
+ X·'·~~::; .)(- -B. 446B2556:::;;E-3 
x 
:206.400 
191,.600 
230 .. ~;OO 
1,95 .. 200 
216 .. 700 
1. ,;> 1 • .sUO 
193.600 
190.000 
:.234 .. 600 
20B.'JOO 
1 '/1 .. "lOO 
199.400 
17'7. ~;OO 
215 .. 500 
:,2:~9" 200 
229.000 
251.700 
214.100 
24LJ,.800 
218,,1.00 
92B .. OOO 
B:25 .. 000 
1.11:::::" 000 
9;:)0 .. 000 
1.2:::;1 .. 000 
94·2 .. O()O 
H8'-tbOOO 
904 .. 000 
12:3!5.000 
88'~ .. 000 
91'1 .. 000 
(350.000 
99"1.000 
100::'.000 
1205 .. 000 
1.211..000 
9"1B .. OOO 
1.087.000 
10132.000 
1.02(;:.. .. 000 
964 .. 5'15 
B81..1.C'8 
11 fJ 1 . 9E!3 
BB:,. ,)76 
1 0"75 .. 4~.)O 
8B:!. .. :1,:::;'('7' 
8fJ2.190 
88:3 .. 396 
1,113'1.139'7 
9GB .. 2T3 
BB1 .. 092 
90:5. 'Yell 
1024.011 
j'()62.506 
117'7" 70:3 
:t1.76.r:J1.'7 
971.179 
1047.178 
1113.450 
1 O'i'O" 1 99 
Root mean square· error = 59.644 
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15. 3 Continued .•. 
Data file MLTA 20 data pairs 
order 4 polynomial v"sgr"ession 
Polynomial fitted is :-
Y ,= 621. :l 7 • 468 
+ X * -794~3446558 
+ XA 2 * 2.964858054 
+ XA 3 * -8~408520753E-4 
+ X~4 * -8.878852974E-6 
X Obse~ved Y Predicted Y 
206.400 
191. • ,'>00 
2~';O. :$00 
195.200 
216.700 
191..600 
193 .. C.)()O 
190.000 
234.600 
208ft700 
191.700 
199.4·00 
17"7.300 
21~). ~iOO 
229 .. 200 
2.'29.000 
251 .. 700 
21£}.100 
244.800 
21f!. 100 
9~;;::8~ 000 
82:).000 
1113.000 
950 .. 000 
1231.000 
1..{42.000 
889.000 
904.000 
1235 .. 000 
~189. 000 
';'1"7" 006 
8~'iO. 000 
997.000 
1003.000 
1:;::054000 
1211.000 
978.000 
1 OS·7. 000 
1082.000 
1026.000 
t;'l6::~~. ::::;41. 
B82.5T3 
11.8:~:;. 010 
E~f:16 .. t rt 1 
1. 07::~. 831 
Elf:32 .. ::i7:~; 
813:'>.37 :l 
B8/~. 91j.5 
11B9 .. 898 
9B6. "1:1.~:5 
B!:32., ~5:J. C) 
906 .. O~:;4 
1020.981 
1.060.808 
1.178.453 
1.1'7'7,,51.:::-; 
969 .. 019 
104:).430 
1.115 .. .q·6::"j 
1088.713 
Root mean square error - 59.417 
page 394 
., 
15. 3 Continued •.. 
Data file MLTA 2() data pairs 
order 5 polynomial regression 
Polynomial fitted is :-
Y - 1:"::501" ~,7'H:l 
+ X * -8.185127735 
+ X~2 * -0.9822536726 
+.X~3 * i.320611615E-3 
+ XA 4 * 2.449355944E-5 
+ XA 5 * -6~693541352E-8 
X Observ~d Y Predicted Y 
206.400 
191.600 
2::~;O" :~:.OO 
19~::i"200 
216.700 
191.600 
1.93.600. 
190.000 
2:34 .. 600 
208.700 
1.91.700 
199.400 
177. :300 
215.500 
229.200 
229 .. 000 
2~H. 700 
214.100 
244.80.0 
218.100 
928 .. 000 
B25.0()O 
1112,,, 000 
9~)O" 000 
12:$1 .. 000 
9'12.000 
8[:19.000 
904 .. 000 
12~55" 000 
889.000 
'717.000 
B~jO .. OOO 
9'-""17 .. 000 
1003.000 
1205.000 
1211.000 
978.000 
:[087" 000 
1082.000 
1026.000 
9~57 " (:j8:3 
8BB .. ~::'12 
1 1. B7 .. 9:'~:~5 
890 .. :3:2~.:-i 
1066.904 
8(38. :512 
888.029 
1391"1913 
l19'i.196 
'980.0131 
888.211 
906.060 
1009.661 
10~;3 .. 520 
1182.136 
1180.973 
9:58,,400 
10::';7" 902 
1.124,,5[:)7 
10,>2. 38'l 
Root mean square error .- 58.960 
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15. 3 Continued ... 
Data file MLTA 20 data pair's 
order- 6 polynomial regression 
Polynolnial fittQd is :-
y.- 1 =~;~)06. t:i8396 
+ X * -8.293821827 
+ ,X A 2 * -0.9816163199 
+ XA 3 * lft321377333E-3 
+ XA 4 * 2.447161081E-S 
+ X-S * -6.685376921E-8 
+ X-6 * -9.842387798E-14 
X Observed Y Predi~ted V 
~~06. 1.1·00 928. 000 957.8B2 
191.600 B:2~3 .. 000 888.312 
2:::;'0. ~500 1113.000 11'37.9Z5 
195,,200 (.·?~::iON 000 H90 .. 3::2~j 
216.700 j, 2::~: 1 .000 1,066 .. 9()/I, 
191.600 91.1,2. 000 888. ~3:J.2 
19~3. 600 889 .. 000 888 .. 029 
190.000 90L}. .. OOq 891. 198 
2:::;1.1·~ 600 1.23~5 .. 000 11.99 .. 1"17 
208.700 13139 .. 000 91:30. OBO 
l c'>I.700 917. 000 BI:38.211 
199.400 8~50 .. 000 906.060 
1·17.300 <;"17.000 1.009.660 
21~:::i .. :.:;00 1,003.000 1 O!:i3 .. ~j 1 er 
229 .. 200 1.205.000 :l1,82. D6 
229.000 1211.000 1180.9'73 
251.. "lOO 9713.000 958.399 
21,4. 100 10137.000 10:37. 902 
244. E300 10132.000 1121.1,. !"j8B 
218. 100 1026.0i)0 1082. cm'? 
Root mean square error = 58 .. 960 
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15. 3 Summary 
Deviations from linear 
" 2 
Reduction 
Deviations from linear 
11 " 3 
Reduction 
Deviations from linear 
11 It 4 
Reduction 
Deviations from linear 
" " 
5 
Deviations from linear 
" " 
6 
Reduction 
* significant (p < 0.01) 
D of F 
18 
17 
1 
18 
16 
1 
18 
15 
1 
18 
14 
18 
13 
1 
SS 
194,715 
184,516 
10,199 
194,715 
71,148 
123,567 
194,715 
70,608 
124,107 
194,715 
69,526 
125,189 
194,715 
69,526 
125,189 
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MS "Fit 
10,853 
10,199 0.940 
4,447 
123,567 27.787* 
4,707 
124,107 26.366* 
4,966 
125,189 25.209" 
5,348 
125,189 23.409" 
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15. 4 SIH 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. SUB ISCH HT DPP 
1 80.600 928.000 
'" 88.400 825.000 ~ 
3 86.200 1113.000 
4 89.100 950.000 
~ 
;;J 87.600 1231.000 
6 83.700 942.000 
7 82.500 889.000 
8 79.800 904.000 
9 95.200 1235.000 
10 88.000 889.000 
11 85.400 917.000 
12 78.800 850.000 
13 84.000 997.000 
14 87.600 1003.000 
15 89.000 1205.000 
16 86.200 1211.000 
17 85.700 978.000 
18 81.200 1087.000 
19 86.500 1082.000 
20 90.500 1026.000 
NUi"IBER OF' DI~TI-\ PAIHS 20 
SUB ISCH HT OPP 
MEAN 85.80000001 
STANDARD DEVIATION 3.989327863 
1013.1 
130.7588781 
CORRELATI ON COEF'F I C I ENT 0.4903865595 
WITH 18 DEGREES OF FREEDOM 
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15. 4 Continued ••. 
REGRESS ION LI NE DPP (Y) ON SUB I SCH HT (X) 
Y = 16.07348369 X - 366.0049007 
OBS VI·\R. X VAR.Y CAl.C. RESIDUAL 
NO. SUB ISCH HT DPP Y. Y. 
1 80.600 928.000 929.518 -1.518 
2 88.400 825.000 1054.891 -229.891 
3 86.200 1113.000 1019.529 93.471 
4 89.100 950.000 1066.142 -116.142 
5 87.600 1231.000 1042.032 188.968 
6 8;:;;.700 942.000 979.346 -37 .. :::;;46 
7 82.500 889.000 960.058 -71. 058 
8 79.800 904.000 916.659 -12.659 
9 95.200 1235.000 1164.191 70.809 
10 8fl.OOO 889.000 104,8.462 -159.462 
11 85.400 917.000 1006.671 -89.671 
12 78.flOO 850.000 900.586 -50 .. 586 
13 84.000 997.000 984.168 12.832 
1L~ 87.600 100::';.000 1042.032 -39. O:~2 
15 89.000 1205.000 1064 .. 535 140.465 
16 86.200 121'1.000 1019.529 191.471 
17 85.700 978.000 1011.493 -33.493 
18 81.200 1087.000 939.162 147.838 
19 86.500 1082.000 1024. ~;51 57.649 
20 90.500 1026.000 1088.645 -62.645 
SUM OF SQUAF.:ES OF RESIDUAl.S 246'737.8466 
STANDARD ERROR OF ESTIMATE 117.0'797085 
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15. 4 Continued .•. 
Data file MSIOP 20 data pairs 
order 2 polynomial regression 
PolYnomial fitted is ,-
y = 1722 .. 376038 
+ X 
* 
-32 .. 52381571 
+ X"'~2 
* 
0.2821::m4497 
X Obsrorved y Predicted 
y 
80.600 928.000 933.829 
88.400 825.000 1052 .. 059 
86.200 1113.000 1015.236 
89.100 950.000 1064.348 
87.600 1231.000 1038.353 
133.700 942.000 976.707 
82.500 889.000 959.466 
79.800 904.000 923.644 
95.200 1235.000 1183.141 
88.000 £l89.000 1045.160 
85.400 917.000 1002.523 
78.800 850.000 911.421 
84.000 997.000 981.144 
87.600 1003.000 1038.353 
89.000 1205.000 1062.575 
86.200 1211. 000 1015.236 
85.700 978.000 1007.248 
81.200 1087.000 941.705 
86.500 1082.000 1020.096 
90.500 1026.000 1089.755 
Root mean square error = 110.911 
15. 4 Continued .•• 
Data file MSIOP 20 data pairs 
o~der 3 polynomial re9ression 
Polvnomial fitted is :-
Y::;;: -234263.839 
+ X * 8132.831696 
+ XA 2 * -93.6980904 
+ X '''3 
* 
0.3598070431 
X Observed Y 
80.600 928.000 
88.400 825.000 
86.200 1113.000 
89.100 950.000 
87.600 1231. 000 
83.700 942.000 
82.500 889.000 
79.800 904.000 
95.200 1235.000 
88.000 889.000 
85.400 917.000 
78.800 850.000 
84.000 997.000 
87.600 1003.000 
89.000 1205.000 
86.200 1211.000 
85.700 978.000 
81.200 1087.000 
8,6.500 1082.000 
90.500 1026.000 
Root mean square f'.::I"rrCjr = 
Predicted 
943.217 
1026.395 
1026.039 
1028.910 
1025.545 
1016.704 
999.425 
905.941 
12:;'~4. 221 
1025.763 
1025.553 
845.608 
1019.371 
1025.545 
1028.419 
1026.039 
1025.903 
965.489 
1025.946 
1041.967 
107.688 
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15. 4 Continued ... 
Data file MSIOP 20 data pairs 
order 4 polYnomial regression 
Polynomial fitted is :-
y = -115972.97 
+ X * 3238.051239 
+ X"'2 * -18.86258832 
.... X"'3 * -0.1394·860942 
+ X"4 
* 
1. 220321589E-3 
X Obseryed y 
80.600 928.000 
8fl.400 825.000 
86.200 1113.000 
89.100 950.000 
87.600 1231. 000 
83.700 942.000 
82 .. 500 889.000 
79.800 904.000 
95.200 1235.000 
88.000 889.000 
85.400 917.000 
78.800 850.000 
84.000 997.000 
87.600 1003.000 
89.000 1205.000 
86~200 1211.000 
85.700 978.000 
81.200 1087.000 
86.500 1082.000 
90.500 1026.000 
Predicted 
940.812 
1031. 750 
1024.035 
1036.092 
1028.389 
1008.147 
990.589 
909.610 
1223.939 
1029.907 
1020.918 
860.388 
1011.262 
1028.389 
1035.367 
1024.035 
1022.220 
959,.950 
1024.984 
1051.212 
Root mean square error = 107.578 
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15. 4 Continued .•. 
Data file MSIOP 20 data pairs 
order 5 polynomial regression 
Polynomial fitted is • 
Y = -26850.98441 
+ X * -71.84289074 
+ X"'2 
* 
12.01698028 
+ X,h.3 
* 
6. 420487701E-2 
+ XA 4 
* 
-3. 371218208E-3 
+ X· .... ~ _. .,.. 1. 88654171E-5 
X ObSfi-rved Y Predicted Y 
80.600 928.000 940.135 
88.400 825.000 1029 .. 539 
8<',.200 1113.000 1026.062 
89.100 950.000 1032.268 
87.600 1231.000 1027.942 
83.700 942.000 1011.439 
82.500 889.000 992.923 
79.800 904.000 907.439 
95.200 1235.000 1228.628 
88.000 889.000 1028.598 
85.400 917.000 l023 .. 836 
78.800 850.000 856.513 
84.000 997.000 1014.641 
87.600 1003.000 1027.942 
89.000 1205.000 1031.772 
86.200 1211.000 1026.062 
85.700 978.000 1024.855 
81.200 1087.000 960.356 
86.500 1082.000 1026.569 
90.500 1026.000 1044.493 
Root mean square error = 107.460 
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15. 4 Continued ... 
Data file MSIOP 20 data pairs 
order 6 polynomial regression 
Polynomial fitted is . 
y:::: -5238.610535 
+ X * -442.2657615 
+ X· .... 2 
* 
8.365187552 
+ X",7 
-' * 
5.709759121E-2 
+ X"'4 
* 
-2. 844430383E-4 
+ X'''~5 
* 
-2.077845136E-5 
+ X"'6 
* 
1. 468737631E-7 
X Obser-ved Y Predi cted Y 
80.600 928.000 939.262 
88.400 825.000 1029.452 
86.200 11'13.000 1026.749 
89.100 950.000 10::.;1.642 
87.600 1231.000 1028.314 
83.700 942.000 1011.341 
82.500 889.000 992.232 
79.800 904.000 907.128 
95 .. 200 1235.000 1229.254 
88.000 889.000 1028.764 
85.400 917.000 1024.426 
78.800 850.000 857.770 
84.000 997.000 1014.694 
8-1.600 1003.000 1028.314 
89.000 1205.000 1031.230 
86.200 1211.000 1026.749 
85.700 978.000 1025.504 
81.200 1087.000 959.361 
86.500 1082.000 1027.243 
90.500 1026.000 1042.589 
Root mean square error = 107.396 
15. 4 Summary 
Deviations from linear 
" " 2 
Reduction 
Deviations from linear 
3 
Reduction 
Deviations from linear 
" " 4 
Reduction 
Deviations from linear 
• 5 
Reduction 
Deviations from linear 
• 6 
Reduction 
D of F 
18 
17 
1 
18 
16 
1 
18 
15 
1 
18 
14 
1 
18 
13 
1 
ss 
246,737 
246,025 
712 
246,737 
231,934 
14,803 
246,737 
231,461 
15,276 
246,737 
230,953 
15,784 
246,737 
230,678 
16,059 
All values of F not significant (p > 0.05) 
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MS "Fit 
14,472 
712 0.049 
14,496 
14,803 1. 021 
15,431 
15,276 0.990 
16,497 
15,784 0.957 
17,744 
16,059 0.905 
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Appendix 16 
Confirmation of the linearity of the relationship between 
optimised peak power output and anthropometric indices of 
the lower limb in women. 
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16. 1 LLV 
PEARSOi~ PRODlJ!,;T NCM~N'f' CIJPf~EL_AT),ON [;()i~FFICIEN'}' 
*****~f*'~·~·*****·.~'**·~·~****************~********* 
;:.i 
, 
(~) 
/ 
(J 
'=/ 
,..~ .. 
~c. .L 
LL\) 
j.(." ie/f) 
t.l." ::j~.;!C 
"~ u C/l!·U 
~:::;" ~") -,:[ i:> 
. .t.j " ()~'~!n 
.q .•• !7.'.:O() 
:~:." :570 
"['" 6:~:;O 
'-I·" ("7 :~~; 0 
]" f.-3QO 
\~:;" E:~.~O 
~.::;" -1·(;:-,0 
I;. M ~:_j Il· U 
~5" .~Jt10 
~:; .. Oi:;lO 
4., '~"~O 
5 .. 97(J 
"L 9~:.)() 
~j. 1. 00 
:=5 .. 91.0 
~~~" 000 
/I. .. :':;::50 
'I·" 6~,;;:O 
!::S .. '7(-:,0 
~:::i .. ~.::.~)c 
,'j. M '7~.jl) 
\)i~:·:(.. y ~ 
F'f~'U 
.s ~:.::i i3 ., 0 U ':) 
Li l','O" Or)C· 
:';S9t~,,, ne:!) 
1[';'11 .. 0(10 
'/ 1 7 ~ :",(:.;') 
[lCO .. 00(:· 
6'7:2" 000 
~:5(.?O .. ooe, 
679 .. 0CO 
60'7,,0(:0 
·?1f.~ .. OOi) 
755 .. (;(:,0 
755reOO 
~~;6:i. .. 000 
~.;:j 1. F~ .. (H)O 
b:-'::>~ ,coo 
7~!::4" OCO 
lG4 g ()CO 
C:l ::~ ~,~~ " C- 0 (} 
':;.vC9 N O~)O 
:'J.'2 .. 000 
6::::'9 .. 000 
72l~" 000 
Hl~5" 000 
MEAN 5.2257l4289 654.9714282 
STANDARD DEVIATION O~8593612C52 102.7548442 
CORRELATION COEFFICIENT 0.5360440458 
WITH 33 DEGREES OF FREEDOM 
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16. 1 Continued ... 
REGF':Em:IION LINE F"FD (Y) ON LLV (X) 
----------------------------------
088 V{iF: • X '\,.'('·1F~ .. Y C(\U~~ . f::~O:S I DU(\L 
NO. LI_V PPD V. V. 
1 4~ 790 I I:~''''' (,':) .. )0 .. 000 <'<2'7. 04't :::;;Ou 9~~j6 
2 4. ~:;~50 '1·90 .. 000 61 1 .. 661 -,121 · (~t)}, 
3 4. 9·(.1·0 596 .. 000 6:c:6. t-)5t3 --'1·0 M f.:)~~G3 
4 ~~. .J. 260 ~81 
· 
COO 6~'S'7 .. 169 --166 .. 169 
5 ~ ..I. 5.1.1·0 '717. 000 ~7a::: t: , \J .. 1 :1.6 4·::. · L-i8
i'.j. 
6 'I· • C;-'50 467 .. 000 6~;:'7 .. 29(9 -·17()" 299 
'1 I.J." t:sOO 5:::::4H 000 t:1OB. 4~)6 --7 I.! · 4~:j6 
8 '7 , . ~~:.~:O 769. 000 713'7. 206 -.. 20. 206 
9 ,~ ..I. 090 644. 000 646. 2'7~5 
.-. 
-' ~~ ... :27:3 
10 '":!' 5'10 427. 000 
-' . 
~j!l·B .. 848 -·121 .. B'18 
1 1 4. 6::,:0 664. 000 616. '7B9 ~·7 • 
., , 
~::' .:. 1. 
1 '-l ~ . .. ::. 4, .. ',::,:0 624 .. 000 6:36. 0),7 -1~.'2" 017 
1 ::: 4. :::.~:~::O !57~:;; .. 000 ~.:.:;cr7 .. ~:j60 -2/~ .. ~360 
14 7. as->() 821 
· 
000 8:~~:) .. '7ll·0 -.<, .. 7 /1.0 
15 6. El20 73:3:. OO() }'~':':7 " 158 -24. 158 
16 r..' .... 1 .. 460 BOO. 000 669. 988 1.30. 01:? 
17 <I . ~')4·0 672. 000 61 1 . 020 60. 'lEiO 
lfl I~~' ,-, " D;::;O ~:::i90" 000 6<]1+ • 9fJ~1 ,-- 1. 0,f.1·. 9Ei~5 
19 5" :~:f'30 679" 000 664. 1360 t i~ .. 140 
20 c· _I. 6f.~O 607. 000 ~)84. 089 -.. 77 .. 08(? 
21 ~-,~ . 090 71..<'1· .. 000 646. 273 67. n"l 
22 'I. \~)60 7~55 .. 000 618 .. "1:l2 1:36. 28f3 
2::'~ ~:) " 'no 7~;55 u 000 70:;:~ " 6T7 ~)::;'~ " :::::2:::;: 
24 I.~ ,. 9~:;O ~:;61 
· 
000 6:37. ::~99 --76. 2("19 
25 ~ ..I. 100 5113. 000 646. 914 -128 .. 914 
26 e _I. 910 6eo. 000 698. 8~':::1 -18. e31 
27 4. 190 6~'4. 000 1!"~'f"H'''' ....Jf.:>C'. 5B"7 L! t~· , . ...J .. 413 
2[3 I;:;' ,-/" 000 '7:;>4. 000 6'1·(> • !:i04 cn. '~·96 
29 4 .. ::~:~:.50 713'> • 000 ~;5(j)8 " F~LI·:~~ lB~.s • 1. ";I:l 
30 4. c)20 6::'~2" O()O 6U,. 148 1~) " C;)C~·':,) .... ' ... J.l_ 
31 ~::' ... 1. '760 709. 000 6B9. 21,"1 19. "ID::,; 
-:"1" ..... ) 
,.) .. ::. ::i .. ~:'50 712 .. 000 h62 .. ';>3D 4 r.:) . , . 062 
3:::'~ 4. 750 6:::'~9" 000 62LI LI·f.lO 14. 
J;..-?(,) 
.. 
•. .1 ..... '.' 
~:::4 ~~. .J • ~380 726. 000 67"7. \~)BO 48 .. :::~20 
.. 
~.:::' 
_..I 5 .. 600 815 .. 000 678. 961 1,36. 0:3:9 
SUI'1 OF SQUI-lf,ES OF RESIDUAL.S 255837.3494 
STANDARD ERROR OF ESTIMATE 88 .. 0491167 
',' 
16. 1 Continued ... 
Data file FLLV 35 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
y ~.~ ~lf:) .. 6065~$OL1·9 
+ X * 151.1371514 
+ XA? * -7.61573:34.82 
X Observed V 
4.7'70 658 .. 000 
4 .. ~:5:50 1.190.000 
4.'7110 !::Yi6 .. 000 
5 .. 260 491.000 
~3 .. ~)40 717.000 
4. 9~.,O 1.1·6"1 .. 000 
I.~ .. ::')00 ~5:;:::4 .. 000 
"7.:;;:20 769 .. 000 
~3 .. 090 644 .. 000 
3,.570 427.000 
4.6::>0 6(~)11· .. 000 
4 .. 930 624.000 
4 .. 3:30 57~::;. 000 
,'" 
.890 <121.000 / 
6.820 73:'LOOO 
5" 4C:)O 800.000 
4.540 672.000 
5.850 590 .. 000 
5. ~~~80 679.000 
:5.6130 607 .. 000 
5.090 714.000 
4.660 755 .. 000 
5.'770 75:).000 
4 .. 9~50 ~)61 .. 000 
a:;:' 
"'. l.00 518.000 
5.910, 680.000 
4. 1S\0 6::';4.000 
5.000 734.000 
4· ~ ~$::jO 784,,000 
4.620 1,:,::52 .. 000 
5 .. 760 709.000 
5.350 712.000 
4.750 6::;9.000 
5 .. 580 "726.000 
5.600 815.000 
I=i:oot: fm:?an sqLtarE~ errol'* ,'H' 
FTedicbod Y 
62'7.81. "7 
bOE1" t;; t 6 
639" :37:3 
662.879 
6f12.167 
640.1.::,1 
604" ~50~:-j 
T76.fJ61 
650 .. 5f:35 
5:.21 .. 1.04 
61~:;. 114 
6:::::8. 61:::'~ 
590 .. 2'-IA 
796. ge::; 
7!5~5 .. 136 
67(" T78 
607.797 
702.129 
671.29:2 
'c.)9 j. .. :;:6·4 
650 .. 5f:3:; 
617 .. 52~::; 
70"1.464 
{AO. 1:'~1 
c~5l. .. ~:~21 
705.13:24 
5"18.169 
643.899 
:59l. , 9 11.11 
61.4. ";07 
696 .. 485 
669.209 
624.678 
684 .. 825 
6B6.145 
El5.04,9 
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16. 1 Continued ... 
Data file FLLV 35 data pairs 
order 3 polynomial regression 
Polynomial fitted is • 
Y - -1418.276978 
+ X * 982 .. 9650557 
+ XA 2 * -157.692302 
+ XA 3 * 8.767771732 
X ObsDrved Y PrDdi ct.c",d Y 
It" 790 
1.J·.550 
Ij·.940 
5.260 
5 .. ~1L/·O 
4 .. 950 
4 .. ~500 
7. ~520 
r"~' 
--s. 090 
::5 .. ::'i70 
4. 6c:;O 
4.930 
4. ~:~30 
7.f:l90 
6.fl20 
= 
.J. 460 
4n 5-40 
~. 
..J. 850 
~~. 
oh 3f:lO 
5.6f:lO 
5 .. 090 
4.660 
I~~' 
• .s • 970 
4 .. 950 
~~. 
.J. 100 
~5. 910 
4·. 190 
5 .. 000 
4 .. :::;:50 
4.620 
5.760 
5 .. :::;:::=;0 
'1·.750 
5.580 
5.600 
I-J~)8 .. 000 
LJ·90 .. 000 
596.000 
491.000 
71."7. 000 
467. 000 
5~34 .. 000 
76S) .. OOO 
644. 000 
42'7,,000 
6(~)4. 000 
624" 000 
~:573 .. 000 
B21 ,,000 
7~"~:3 .. 000 
800 .. 000 
672.000 
590 .. O()O 
679.000 
60"7 .. 000 
71'1·. 000 
7!:;5 .. 000 
7::5~5.,OOO 
561. 000 
;518.000 
680.000 
6:::;:4.000 
7::~~4 .. 000 
7f:l·1.000 
632.000 
709.000 
712. 000 
6:5'1.000 
726.000 
815.000 
6~~:5. 61.5 
61:5.4f31 
646.299 
665 .. 1::~9 
67lJ.:517 
6Q6. 'leA 
610.760 
166.418 
622 .. 64~; 
645.62"7 
:::j9:3 .. 196 
D21.099 
7:'~2" 162 
674.794 
614 .. ~::;5:2:; 
690.166 
671 ,,()91. 
684.1::;;0 
655 .. 73~5 
625"209 
6'75 .. ~~S02 
646. 96/j. 
656 .. ::::;22 
693.042 
r5"76. B4c, 
650 .. 212 
5 f';>::=i .. 389 
621.17/t 
M:17.297 
66,9. f.,c:;O 
6DO.020 
6BO.f35f3 
Root mean square error = 84.258 
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16. 1 Continued ... 
Data file FLLV 35 data pairs 
order 4 polynomial regression 
Polynomial fitted is . 
y - -6335~614326 
+ X * 4716.299595 
+ X~'2 * -1197"475221 
+ XA 3 * 134.6806302 
+ XA 4 * -5.592928872 
X Observed Y 
4.790 
4.550 
4.940 
5.260 
5 .. 54·0 
4 ~ (750 
1.1· .. 500 
'7" ::::;20 
5.090 
3 .. !:.r70 
4.6:::;0 
4.9:30 
4. C!:~:O 
7.fJ90 
6. [320 
5.460 
4.540 
~5 .. f:150 
~~. ::mo 
5.680 
5.090 
It.660 
5.970 
4· .. 950. 
!:.5.100 
5.910 
4.190 
5 .. 000 
4 .. :-$~30 
4 .. 620 
5.760 
5.350 
4.750 
5 .. 580 
5.600 
6~50 .. 000 
490.000 
~596 .. 000 
491..000 
717.000 
467 .. 000 
!·~S:31.!· If 000 
'769.000 
644.000 
427 .. 000 
664.000 
624 .. 000 
:::5'73 .. 000 
1321.000 
'733 .. 000 
1300.000 
672.000 
~)90" 000 
6'79.000 
607.000 
'71.4.000 
755 .. 000 
7~':;5 .. 000 
!SC:)1. .. 000 
51B.OOO 
6130.000 
634 .. 000 
7:-54 .. 000 
7134,.000 
b:?;2.000 
709.000 
712.000 
6~8. 000 
726.000 
81~3. 000 
6::::'7 .. B'77 
622.152 
6·(.1·5 .. i.':J 70 
6!.59. "1'75 
671. .B04 
646. 1. ~'; 1. 
6113. 1.13:S 
'791.20)6 
6:':")2 .. 5::~~B 
4-59 .. 2T3 
6-.)27 .. 9~5.q· 
64::;., 1. f:35 
6():,~~ .. ::::;~29 
807.191 
'1:54.999 
668 .. 26:':: 
621 .. 3f31 
",E37. 100 
664.827 
678" :557 
652 .. 5:::8 
629.972 
693.8'18 
;<'46.1:,,1 
t:)52.975 
6'70.423 
585.968 
64B.501 
604.404 
(;.)27 .. 26~) 
6f32.353 
663.556 
635.578 
6'73.625 
674 .. 5~;50 
Root mean square error- - 83 .. 791 
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16. 1 Continued •.. 
Data file FLLV 35 data pairs 
. order' 5 polYJ10mial reqression 
Polynomial fitted is :-
y::::: ~$Or.?21 ft 26 1 B~:~ 
+ X * -30252~30016 
+ XA 2 * 11675~93222 
+ XA 3 * -2190~352979 
+ XA 4 * 200"5474967 
+ XA!") * -7.183174182 
X Observed Y F',...r~di. cted Y 
4. '7'10 
IJ· .. 550 
4 .. 940 
!5 .. 260 
!:5,. 51.1-0 
4.950 
4.500 
7. ::,20 
::i .. 090 
~~:; .. 570 
4.630 
4·.9:30 
4· .. :::.~:::~O 
7.B90 
6.820 
5" 4c-.>0 
4 .. 540 
5 .. 8~50 
5 .. 380 
5.680 
5.090 
4.660 
5.970 . 
4. 9~jO 
~S. 100 
5. '110 
4.190 
5.000 
4· .. ::::;~:::jO 
4.620 
5.760 
5 .. 350 
4.7=;0 
~:i .. !580 
5.600 
6!5EII OO~) 
LlS'C.OOO 
~S96. 000 
491..000 
717 .. 000 
4·67.000 
5::·;/1· .. 000 
76°;.000 
6 /1,.1.1 .• (lOO 
427.000 
664.000 
l:. .. 24 .. 000 
!:,:)7~:~" 000 
821.000 
7:3:3.000 
fJOO.OOO 
672 .. 000 
~,390" 000 
679 .. 000 
(-.>07 .. 000 
71.4 .. 000 
7~55" 000 
755.000 
561.000 
518.000' 
~)80. 000 
6::::4.000 
'734·.000 
'7fJ4.000 
62~2. 000 
709.000 
712.000 
639.000 
726.000 
815.000 
64~5 .. 21.9 
616.416 
t:)~}5 .. 01.8 
66Ej,,870 
6 7:::':~" ~';61 
65:5" 6T~: 
609 ~ 6~55 
814,,8El5 
,S6:3n :Z:Sl 
Ij·7<:;>.6 LI·6 
6:;:~6 • i} 1 9 
6~)4. 341 
~,5B/l .. 1. 29 
'79'~. El66 
745.954 
671.954 
61 ~:5. 09'1, 
h7,Q, .. 98~3 
671.061 
6'73. ::':87 
1.,63~ 2~31 
62';. '100 
677.211 
655.673 
663 .. 663 
67~j .. 9~50 
560.9'10 
658.710 
58'7 .. ~':::08 
625 .. 226 
6'73.98::; 
670.622 
639.429 
672 .. B04-
672.919 
Root mearl square error -. 86.920 
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16. 1 Continued.;. 
Data file FLLV 35 data pairs 
or(jer 6 polynomial regression 
Polynomial fitted is ,-
Y = -28928.76211 
.~ X * 21102.7246 
+ XA 2 * -4435.731441 
+ XA 3 * -153.8259521 
+ XA 4 * 179.1376925 
+ XA 5 * -23.36740512 
+ XA 6 * 0.9749920913 
X Observed Y 
4.790 
4. 5~jO 
,4.940 
5.260 
LJ.. <t~50 
'L 500 
7.320 
:SM 090 
:~:: .. 5'70 
4.630 
4.9:.,0 
4.330 
7.890 
l:>. 820 
~) .. 460 
4.540 
5.8::-::';0 
5. ~~,BO 
5.680 
::i.090 
4.660 
5.970 
4 ~ t,50 
5.100 
5.910 
4.190 
~5 .. 000 
4. :350 
4.626 
5.760 
!5.350 
4.750 
5.580 
5.600 
6~3a w 000 
i~90 .. 000 
5'7>6 .. 000 
491.000 
717.000 
L~67. 000 
534.000 
769.000 
644.000 
L~:;::'7" 000 
664.000 
62·(.~ .. 000 
573.000 
1321. (lOO 
7:';3.000 
800.000 
672.000 
590,,000 
679.000 
607.000 
71,4,.000 
755.000 
'75~5" 000 
Sc)i .. ooq 
518.000 
6E30 .. 000 
6:.,4.000 
7:91.000 
784.000 
632.000 
7(Yi.000 
712.000 
6:38.000 
"726.000 
815 .. 000 
b27.5BS 
t):3~: .. ::-:;89 
648.90:3 
t)72,. ::i08 
b::~3 N ~:3'79 
62tJ .. 868 
745. El32 
c):39 .. 1 \~5 
441.. G!50 
62B.4(31 
63:3 .. :::::09 
622.23("7 
82;:::j .. 219 
'76:2" 919 
664 .. 927 
627 .. 4~i5 
'70~j. 46:l 
1-..)5'7 .. 9"72 
686.929 
639 .. 165 
628.7"/0 
'71B. LJ.:3~5 
6~5:";. B1<J 
6:3'71 .. 6:::5 
712.00LJ. 
61~~; .. 729 
6:2.~5~ 499 
623 .. 0:37 
628.3'78 
695 .. 5!"70 
655 .. 54-'1" 
629.815 
676.4'i9, 
678.5~57 
Root mean square error - 81.924 
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16. 1 Summary 
Deviations from linear 
" 2 
Reduction 
Deviations from linear 
It " 3 
Reduction 
Deviations from linear 
11 11 4 
Reduction 
Deviations from linear 
" 5 
Deviations from linear 
" " 6 
Reduction 
D of F 
33 
32 
1 
33 
31 
1 
33 
30 
1 
33 
29 
33 
28 
1 
SS 
255,837 
253,166 
2,671 
255,837 
248,479 
7,358 
255,837 
245,733 
10,104 
255,837 
264,428 
255,837 
234,904 
20,933 
All values of F not significant (p > 0.05) 
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MS 
7,911 
2,671 0.338 
8,015 
7,358 0.918 
8,191 
10,104 1.234 
8,389 
20,933 2.495 
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16. 2 LULV 
PEAHSON PHODucr t101"1ENT COriF<ELATIOI',j COEFFICIENT 
*************************************'.******* .• 
OBS VAH" X. Vp,l:,,, y. 
NO. ULLV PPO 
1 
5 
6 
'l 
B 
9 
10 
1:[ 
1 ,.:.~ 
1:3 
1.4 
15 
1.6 
17 
18 
19 
20 
21 
.,~ 
..:.."-' 
,.'\t;:;' 
.':: . ..J 
26 
27 
32 
35 
3.110 
~5" 020 
~:;. 290 
:~.670 
:,:.'/40 
3 .. 4LI·0 
2 .. 260 
~::" :l40 
:~;. !BO 
2.7$0 
5 .. 250 
4,,5BO 
:~::;. 520 
2 .. 7f.30 
4.090 
3.1.70 
;~:: .. 620 
3 .. :;:90 
2.960 
3.770 
~.:.~ .. 3BO 
3.740 
2 .. -S30 
::;"Ot() 
2,,7:1.0 
:~" OBO 
:5.460 
:,;. OB!) 
;5 .. 270 
3 .. ·il80 
658 .. 000 
'1,90" 000 
59(j" 000 
4-'11 • 000 
717.000 
i~67 .. 000 
~5:34 .. 000 
769 .. 000 
644 .. (>1)0 
4·27 .. ()OO 
66,(l.000 
6:2'J..000 
573.000 
821" 000 
7:::;~~ .. 000 
BOO .. 000 
672.000 
~5c;'() .. 000 
679.1)00 
(;,)07 .. 000 
'l14" 1)00 
7:-::')5~OOO 
75~). 000 
~j61 .. 000 
51B.OOO 
6B(>" 0(>0 
6::-:.~Ll· .. 000 
7.31.1·" 000 
7E14.000 
70'1.000 
71.2.000 
6:::'~9 .. 000 
72!..., .. OOO 
815 .. 000 
NUMBEH OF DATA PAIHS 35 
ULLV PPO 
MEAN 3.3988571.41. 654.9714282 
STANDARD DEVIATION 0.6132976024 102.7548442 
COHREL.ATION COEFFICIENT 0.4119274305 
WITH :53 DEGHEES OF FREEDOM 
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16. 2 Continued ••• 
REGRESSION LINE PPO IY) ON ULLV (X) 
V ::::: 6S~n 016:~~124~j X ;.. 420~ :~~9/.1·(3l!·lB 
OBS vPlr.:;,: ~ X VAF:. Y C(")LCn F<E~; I DUP,L 
NO .. ULU} PPD Y. Y .. 
1 3 .. 1 10 6~jfL 000 6::::;~j .. O::::tJ :2:';;: .. (';;64 
'-, .~ ~3 .. 020 490. 000 62B .. f:l24 --1::>8 .. E2~ 
:3; -, ~~ .. 290 596. 000 6·17 • ~-~;9 
-51 
" 
~:59 
4 '':'' 670 4 cJl 000 6'73 .. 6B::i ·-·1f=2. 68;5 -,; ... 
· ;:5 "!!' 
'-' .. 740 717. 000 67[l" ~.:) 16 :::::B .. 4E:14 
"' 
'0::' 
'-'" 
~):;-~o 46'1. 000 64';> " ~)~'::~~1 -1E32 .. ~j29 
7 .,. .... , .. 130 5:34,. 000 6:56. 416 ·'·102. '~1. 6 
8 = .J. 060 769. 000 769 .. 61-/ --0. 617 
9 '"!!' ~H' .. 4LJ.O 6 l f'f. 000 6::=),7 .. m 1 -1::;,. 8~_ 1 
10 ., .(. ~ 260 427. 000 :;:i76 .. ~S72 -'lW':;'. ~:;;72 
:[ 1 M!,' 140 66/1,,, 000 6::.7 . 106 26" 894 "H" .. 
12 '" 1f:lO 624. 000 6::'8. f:l67 -1~5 .. B6"! ,~ . 
13 2. 780 573 .. 000 612. 260 -39. 260 
14 LOw" ..J. 250 821 
· 
000 7i;"~2. 7:30 :58. 2'70 
1 ~:5 4. ~j80 "7::::;::-::; " 000 7:06. 4,90 '-:::;;n '+90 
1,6 ~.::;" ::i20 BOO" 000 66:~~ .. ~~:~52 1:;':6 " 66f3 
17 2. 7f:lO 672. 000 612. 260 ~)9 .. 740 
18 4. 090 590 .. 000 "l02 .. 672 -1 12. 672 
19 3 .. 170 679. 000 6~::;9. P7 ~59 .. B2:~:: 
20 ~~:; " 620 607" 000 670 .. 234 -'6~5 .. 2:::;;·<:j. 
21 :.::::.. :~;<?O 71 L~. 000 654" 360 1:::-';;;.\ ...J , • 640 
22 -, ..::.. 960 755. 000 62"~· .. 6B3 1 ::::0 .. :~, 1 7 
.. ~...,. 
":;'.,;:' 7 
-" 
770 7~it) .. 000 680. 586 :'4. 414 
24, 3. 3flO ~il"J 1 
· 
000 6:::-j~5 .. 670 -92. 670 
2::5 ":,. ,_\ .. 2,00 51,8 .. 000 64EI. 1.49 -1 :,0. 14'1 
26 7 ~_\ .. 740 MW. 000 6n]" ::51~) 1 . 4B4 
27 2. 6:jO 62~4 .. 000 601 . 908 :::::2. 092 
2B '" 010 734. 000 62B. 1 ~$4 10", • 1366 . .:,. .. 
29 '" 710 7!3lf 000 607. 429 176. !571 ~:.. .. 
· 30 7 ,~ . OBO 6~:.~2 .. 000 6::::2 .. 965 -,0. 9' ~~. c'i .. J 
~H 3. 460 707. 000 6~59 .. j, '1:l Lf'! • 80', 
"":!"-.l 
...... :.. 3 .. 550 "112. 000 66~.3 .. 4()::'; 46. 597 
33 '" OBO 639. 000 6 ";0"'"\ 96~:; , O~5::5 
-'. • ...:0..::. .. o • 
34 -, 
-' . 270 7:;~b . 000 646. 078 'lS) " 922 
-:"I::~ 
._\--1 3 .. 4,80 B15. 000 660. 57:2 1.~54 .. "1'::2B 
f:1Ui'1 OF SQUAF<ES OF f\EflI DUALS 2713075. B'7:24 
STANDARD ERROR OF ESTIMATE 95.04000315 
16. 2 Continued ... 
Data file FULLV 35 data pairs 
order 2 polynomial regressioll 
Polynomial fitted is :-
y -_. 4:,~'1" 62f]::~:69] 
+ X * 63.96062842 
+ XA 2 * 0.6670813414 
X Obs2rved Y 
::~ .. :!.10 
3 .. 020 
3.670 
:3.740 
:3: .. 1:30 
~) .. 060 
:~ .. 4'lO 
2.260 
:5.140 
::':.180 
2 .. 780 
~5 .. 250 
4- .. ~580 
:~; .. 520 
2 .. 7F30 
4JJ90 
3.170 
~5 .. 620 
::5 .. :::::90 
:2 .. 960 
c::. -no 
::';.380 
3 .. :::;00 
::;.740 
2.630 
3.010 
2.710 
3.080 
3" "1·60 
3.080 
:3.270 
~:. 480 
(;)::58 ~ 000 
490.000 
:596 .. 000 
4'11.000 
717.000 
'"'4·67 .. 000 
~)::~;f.I· .. 000 
7b9.<)(Y) 
6 l+4 .. 000 
4T7.000 
6 l'J 4· d 000 
62-4-.000 
57:: .. OO() 
821. .. 000 
7:~~::::~ ~ 000 
BOO .. 000 
c:J 7:,'2 .. 000 
590pOOO 
679,.000 
607.000 
7111·" 000 
755~OOO 
755.000 
561.000 
518 .. 000 
600.000 
6:::::4 .. 000 
734.000 
7BII·.OOO 
6:32.000 
709 .. 000 
712.000 
~):;::9. 000 
726.000 
815.000 
6::~;"l .. 99B 
628.B74 
647.279 
("j73 .. 3·f.!·<7 
6713. 1.72 
6"1·9" ::::;~~:o 
6:3:6., :;>{,O 
770,,349 
. h5"7 .. ~)·4"7 
5T7. ~:)87 
6 ::')7 • Cl ·'1 :;:~ 
6~5r.r 11 7 he; 
612 .. ~F74 
7f33 .. 80B 
7:~:'6 .. ~:':;6 j, 
6C:l::~ ~ O:~~'.::1 
t:)12" ~591J-
702. ::~86 
639 .. 087 
6h9 .. 908 
6~5-4" 1.21 
624. :'97 
680.241 
653.436 
647.96:5 
670. t72 
602 .. LI'~J9 
628 .. 19·'1-
'=,07.861 
6~:5B" 91B 
6!J~) .. 0(:15 
64·5 .. <"1'13 
660.290 
Root mean square e~ror- .- 92.284 
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16. 2 Continued .•• 
Data file FULLV 35 data pairs 
order 3 polynomial regression 
Polynomial fitted is • 
Y - -2016.222347 
+ X * 2167.:365316 
+ X ·····2 -!"E' -~58~:: .. 60 1 006:.~: 
+ XA 3 * 52~21806975 
x 
" 1.10 6~58 .. 000 "H' .. 
• Ho!" 
~H' ~ 020 l.j.C~70 • 000 
'':!' 
-'H' .. 290 ~7:';9(S ~ 000 
3.670 491. ~OO(l 
.~ 
'-~ .. "l'I·O '717 .. 000 
:~; .. ~:;20 46)7 ~ 000 
":>" '''~ u 1::::;0 ~.::j ~::1.I· " 000 
5. 060 769 .. 000 
:::;; .. 440 6 Ij. L!_ .. 000 
-, 
.. :.. .. 26)0 427 b ()OO 
3. 140 664.000 
3. 180 624.000 
2.780 57:3.000 
5 .. 250 f.12:1..000 
4 .. ~:j!30 '73~'::' " 000 
3. ~j20 BOO. 000' 
2.7BO 672 .. 000 
'1-.090 590.000 
3. :l70 (.)79.000 
:3.620 607.000 
.~ 
'';'" 390 714.000 
2.960 7~j~). 000 
:3.770 75::1" 000 
:~;. 3BO 561.000 
:3 .. 300 ~51f3. 000 
;0:.740 680.000 
2 .. 630 63L~ .. 000-
:;;.01.0 7::::;/.1,.000 
2.710 784·.000 
3.0ElO 632.000 
..". 
oh 460 ·70'?000 
~~:; .. ~:'i~:)O 712 .. 000 
:3.01:30 639.000 
~5. 270 726.000 
3. 480 [315.000 
6~;0. 36[1 
644"B:20 
6:57" 007 
6:SEL 729 
6~.5B" 26::::; 
6:57.63.1-1-
6~::i 1 .. ~:;~::i t 
77~~:; .. '~"~5t 
6!39 .. 085 
~)O:~~ .. 98:::; 
6~) t " 8~.59 
620.65·1· 
[3:,':3. 061 
bEl:S .. l52 
6::':;9. 30:3 
620.654 
6:5f]. 41 fl 
6::5:::;; .. l B~5 
6::;1:t .. 016 
658.668 
640.11H 
6~31:l. 064 
6~5El. ~"5:5ol 
65"7.229 
658 .. 263 
!"i'?7. 161 
cAL!-. 09B 
610 .. 58"':\" 
64[3.704 
6~.;cr. 1 [37 
65';>" 271 
648.704-
656 .. 521 
659 .. 256 
Root mean square error - 89.618 
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16. 2 Continued ... 
Data file FULLV 35 data pairs 
or(jer 4 polynomial regression 
Polyncmial fitted is .. 
Y - -8669.447353 
+ X * 9948.236584 
+ X~2 * -3912.505519 
+ XA 3 * 669~8230002 
+- X"''4 .~. ,-,~, 1. " 91. 7~)7 691 
X Db~::~r21'~vcd Y Pl ... ·E1c:I:i. ctc~cJ 
:::.:; .. 110 65B .. r)OO 6~).q·. iH35 
:::.~ .. 020 .11·90" 000 6~3~~:; .. 17'1 
:$ .. 290 5S~6 .. 000 C.)~:;:~; .. 049 
3. 670 I}o" . , .l .. 000 649 .. 04 11 
:";.7'W "717 .. 000 6·QSi .. 966 
~5" ~':'~20 i}67 .. 000 .:";)52 .. ~:;l\·2 
:~: .. :t :~'O ~:i~$L! ... 000 6~:54 .. 5 .. q·2 
5.060 769 .. 000 79~~~. 967 
3.440 6'1-4.000 6~30. 4'.8 
.. , 
~. 260 427.000 468. '1-1 1 
::::: . 1.4·() 664.000 6~j4" :=;4:3 
::.:.~ ~ lElO \~2t.!, .. OOO 654,,39<4-
2.780 5T3" ... 000 636.698 
5. 2~)O B21..000 SOl ...(.1·20 
4- .. ~:580 7.33 .. 000 T;;O. ;,:46 
:::.~" 520 BOO .. 000 61}·9 .. 3(S6 
2. "JElO 672.000 636 .. 69B 
4.090 590 .. 000 66B. 192 
";~ 1.70 6"19.000 6~=)4 .. 45:~$ 'H" .. 
:3. 620 (,)0'7 M 000 cAB .. B::,'] 
::; M ~590 714.000 651.295 
2 .. 960 7~55. 000 651- 11 (> 
:3. '1'70 755nOOO 650.61 1 
~::; .. :3UO !::':;6l ,,000 6~51.. 4-'7::" 
:::;: .. 300 518 .. 000 652.8[34 
3.740 680. (H)t,:) 64'].966 
2.630 6::;4.000 611.571 
::~.O10 734 .. 000 6::;2 H 909 
2.710 "1tl~·. 000 626. 7~·3 
:3.080 6:3;2.000 6::::j4 .. 25:-:j 
:";. LI·60 70'1.000 650. 1313 
::::;-. ::5~.7jO 712.000 6 /j·9 .. 0<74-
:3.0130 6::;'1.000 654 .. 25::) 
:3.270 726.000 6~:i3 .. 365 
:$. 4·80 815.000 ~>4 'i. 8!:i 1 
l'loot ,,"0?an squarE' e'"'"or - BEl. 476 
page 419 
Y 
16. 2 Continued ••• 
Data file FULLV 35 data pairs 
or'der 5 polynomial regr"sssicn 
Polynomial fitted is . 
Y - -30887.93819 
+ X * 42479.86069 
+ XA 2 * -22566.69'739 
+ XA 3 * 5908~884882 
+ X~4 * -762.9476778 
+ XA 5 * 38~92665756 
X Observed V 
3.110 
:)" 020 
::~; " ~~:: t? 0 
:3.670 
~3. 740 
:~~" 320 
:~;. l:~;O 
5 .. 060 
3.440 
:,;~ .. 2(;:)0 
:5. 1. 40 
:3.180 
2,,780 
4.5EiO 
3.520 
:'2 .. 7~~O 
4.090 
:3. 1.70 
3.620 
3 .. ::::90 
:':~ .. 960 
:3.770 
:::.~. 380' 
:~:" 300 
:3.740 
2.630 
:3.010 
2,,71.0 
::;:.080 
3.460 
3 .. 5~.50 
3.080 
::~ .. 270 
3 .. 480 
65.9.000 
'~~90 .. 000 
596 .. 000 
4·9:1. .. 000 
717 .. 000 
·q·(~)7" 000 
:52:;4 .. ,000 
76(7 .. 000 
64~,. 000 
42',/ .. 000 
664,,000 
621~u 000 
573.000 
f321" 009 
7~5~::' .. 00(:, 
800 .. 000 
672~OOO 
~5(.?O. 000 
679.000 
607 .. 000 
714.000 
755 .. 000 
7::i5.000 
561.000 
518.000 
680.000 
634.000 
734.000 
71::1'1.000 
632 .. 000 
. 70'~" 000 
712 .. 000 
6:-:::9.000 
726.000 
815.000 
rJ49 .. ~:)92 
f.:.~i.t .. 377 
6'~6. 4T7 
6~)~:; .. 099 
649 .. 1.51 
76f:3 .. 22::::~ 
646.900 
4:5:,;. "760 
648.941. 
648 .. 112 
647.f.-302 
820 .. :::~45 
722 .. :1."72 
tAB. 704· 
6:~"7 ,. ao:.:Z 
"Ob. 88(~ 
648 .. 31.3 
652. ~550 
646. 34(~ 
6 ~::r,? .. 0"7 C, 
661.288 
646.291 
,>1-':'.397 
6~59 .. 292 
62't.661 
651 .. 532:; 
6·1.~ 1.606 
650.236 
647 .. 2L1A 
61t'? 675 
6~jO" 2:36 
646.676 
647.658 
Root mean squar-e errQl'- := 87.036 
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16. 2 Continued ... 
Data file FULLV 35 data pairs 
order 6 polynomial rQgrGseion 
Polynolnial fitted is :-
Y - -39262.8567 
+ X * 49936.97844 
+ XA 2 * -"22670 .. 97132 
+ XA 3 * 3972~209036 
+ X~4 * 47.31719756 
+ XA 5 * -93.1403963 
+ X-6 * 7.810541386 
X Obs2rved Y 
3.110 
:3.020 
3.290 
3.670 
::::. '740 
:::;: .. :3:20 
:3.130 
5n060 
::::" 4'+0 
2.260 
::3.140 
3 .. 180 
2.7l'30 
~.:;. 2~)() 
4 .. ~1~:30 
3. ~520 
2~7BO 
1~ ... 090 
::~:.1'70 
3 .. 620 
3 .. :::;;'70 
2.960 
3.'7'70 
:3 .. 380 
3.300 
3. '740 
2.630 
::.010 
2.7 j, 0 
3.0130 
3.460 
:.~ .. 550 
3.080 
:3 .. 2'70 
3.4l'30 
658 .. 000 
490.000 
::J96 .. 000 
491 .. 000 
'7 :1, '7. 000 
4£.,7 .. 000 
5:~;4 .. 000 
769.000 
644.000 
4::n" 000 
664.000 
1::.24 .. 000 
~:5'7~:;; .. 000 
(321 .. 000 
7::~;:~~" 000 
~JOO. 000 
672~OOO 
590.000 
6?'l"O(>C> 
607 .. 000 
714.000 
75~3. 000 
755 .. 000 
561 n 000 
5H}.000 
6(30.000 
634.000 
T:54 .. 000 
'IB4.000 
6:32.000 
"70'l.000 
712.000 
C:)39.000 
726.000 
E31::5.000 
F'1","dieted Y 
64~:). 67::::' 
c.15l .. 1. '7~:i 
659 .. B06 
c,6'7.64'7 
t,39.166 
644 .. 582 
737 .. :39/:::. 
,~')':~1. 'l6~.5 
'1·:36. 1,1 :t 
644 .. e6:~; 
642. 20::~ 
660 .. ./4 ~::;] 
fJ"I·0.761 
7:20.1131 
64·6.256 
660.4·37 
710.04·::.:) 
64·2" 6::::;:::':; 
6::54 n ~)LJ 5 
640.068 
654.900 
67:l.~:'j10 
639.8::::4 
667.84? 
647.630 
651.1310 
65'1. Tll 
647.425 
642.6f.37 
64fJ.4'71 
647. 4,2~5 
64:0,. '745 
Root mean square er'ror -- 86.950 
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16. 2 Summary 
Deviations from linear 
tI 11 2 
Reduction 
Deviations from linear 
• 3 
Reduction 
Deviations from linear 
It 11 4 
Reduction 
Deviations from linear 
It 11 5 
Reduction 
Deviations from linear 
" 11 6 
Reduction 
D of F 
33 
32 
1 
33 
31 
1 
33 
30 
1 
33. 
29 
1 
33 
28 
1 
SS 
298,076 
298,072 
4 
298,076 
281,099 
16,977 
298,076 
273,980 
24,096 
298,076 
265,134 
32,942 
298,076 
264,611 
33,465 
All values of F not significant (p > 0.05) 
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MS ItF" 
9,315 
4 0.000 
9,068 
16,977 1. 872 
9,133 
24,096 2.638 
9,143 
32,942 3.603 
9,450 
33,465 3.541 
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16. 3 LTA 
PE,~)RSON PRODUCT Mot'IENT Cor~F<EI..(.n ION COEFF I C I ENT , 
**'~"****·**·IHt*·****¥.·*·~**·lf*·lf·IHf¥.·*·If*-l'!"/lHHHr(··*'*,**'~*'*'**'*"1t- ,. 
OBS VAf'l. X. 
NO. L1k 
1 14';>" 400 
2 1~56. 200 
~5 15/~ .• 100 
4 1~50.Lj.OO 
~ . 
..J 180.300 
<> 145.200 
7 t50.500 
8 202.500 
9 155.800 
10 12~~"i .. 500 
11. 160. '100 
1 " 1.58.000 
1'" .j 1.::',4.700 
14 224· .. 100 
15 181.800 
16 1.60.1;300 
17 14~5.500 
18 169.500 
19 153 .. 800 
20 157.500 
21 154 .. 500 
22 162.800 
r;o-.:-
••• ...;0 171.200 
24 154.400 
25 170.000 
26 175.700 
2'7 1. ::::1. • 4· 0 0 
28 148.900 
29 139.200 
30 141.900 
31. 158.700 
32 155.300 
33 160.500 
34 169.400 
"71:' 
._ .. -.:J 160.900 
NUMBER OF DATA PAIRS 35 
.• LTA 
MEAN 158.5942857 
STANDARD DEVUYrION 19.276[:12155 
VAR. Y. 
PPO 
c)!:i8 .. 000 
4-90.000 
596.000 
491.000 
717.000 
467.000 
534·.000 
769.000 
6 1+4.000 
427.000 
664 .. 000 
621)·" 000 
573 .. 000 
821 .. 000 
7::;:$.000 
800.000 
67:2" 000 
590.000 
679,,000 
607.000 
714.000 
755 .. 000 
755.000 
561. 000 
518.000 
680.000 
634.000 
734.000 
784.000 
632.000 
709.000 
712.000 
6::::9.000 
726.000 
815.000 
PPO 
654.9714282. 
10:2. 75'~8'1't2 
CORRELATION COEFFICIENT 0.53'14711319 
WITH 33 DEGF:EES OF FREEDOM 
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16. 3 Continued ... · 
REGRESSION LINE PPO (Y) ON LTA (X) 
----------------------------------
Y = 2. B48'191351 X + 20:;;. 1376 79B 
DES VAR.X VAR.V CALC .. RES I D1J(,L 
NO. LTA PP() Y. Y. 
1 149.400 651:1.000 62f::l.7T1 29. 22~~;' 
•. , 
." 
1~3t~ .. 200 490,,000 648.150 -15!~J. 150 
3 154 .. 100 596.000 642.167 -46.1.6"1 
4 130.400 491.000 574.646 -K;.646 
5 180. ::WO 717.000 716.811 0.lr:l9 
6 145.200 467.000 616.811 -149.811 
7 150 .. 500 5~$1~. ~ 000 6e;1.911 -97. <711 
8 202 .. 50(> 769.000 7BO .. 05B -11.0:58 
9 155.800 644.000 647.011 -:5.011 
10 125 .. 500 427.000 560.686 -133.686 
11 160.400 664.000 660.116 ~~.; .. (;184 
1 ' .. ' 15B .. OOO ·624.000 6~i3 .. 2'7t3 -29. 27El 
1 '":!' 
-' 
134.700 57:3.000 586.897 -13.BCJ] 
14 224. 100 821 .. 000 841.597 -20.5"7'7 
15· 181.800 73:5.000 721..0B4 11.916 
16 160.800 800.000 61.':1], .. 2~)5 J.3B.745 
l,] 145.500 672.000 617.666 ~j1.j. .. :::'~34 
18 169.500 590.000 686.042 -96.042 
19 15~5. 800 679.000 641.313 37.607 
20 157 .. 500 607.000 651. .. 854 -44.B54 
21 154· .. ~:;OO 714·.000 643.307 70.693 
22 162.800 7~35. 000 666 .. 953 88.047 
..,~ 
,.:...,.) 171.200 755.000 690.885 64.115 
24 154.4·00 561.000 643.022 -82 .. 022 
25 170.000 518.000 687.466 -169.466 
26 1.'75.700 6BO.000 70:3. 70~j --2:3.705 
27 le.'].. 400 634.000 577 .. 4·C;~i ~.56 .. 50:) 
28 l'l8.900 734.000 627.352 106. ,"48 
29 139.200 784.000 :599.717 184.283 
30 141.900 632.000 607.4:l0 24 .. 590 
31 1!,-3B.700 709.000 655. 27~5 ~j3. 727 
32 1. ~5~7; .. :::.~oo 712.000 1;)45 .. ~)86 66.414 
33 160.500 639.000 660.401. -21.401 
34 169.400 726.000 685.757 40.243 
-. 35 160.900 815.000 .661.540 153.4·60 
SUjvl OF SQUAf'1ES OF. RESIDUALS 256441.8288 
STANDARD ERHOR OF ESTIMATE B8. 15~307 429 
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16. 3 Continued ... 
Data file FLTA 35 data pairs 
order 2 polynomial reg~es5ion 
Polynomial fitted is • 
Y = -262.6108848 
+ X * 8.423383068 
+ XA 2 * -1,,639619162E-2 
X Observed Y Predicted Y 
149.400 658.000 629.874-
156.200 490.000 6e;~$. 080 
1 ~j'l·. 100 596.000 646.075 
130.400 491.000 556 .. 995 
180. :;::;00 717.000 723.116 
145 .. 200 '1·67.000 614.783 
150 .. 500 5:34.000 6~::'::::~ .. 7~::O 
202 .. 500 769.000 770.778 
155 .. 800 64'1.000 651. .. 75'7 
125 .. 500 '127.000 536.280 
1.60. "1·00 664.000 666.656 
158.000 624.000 6~58. 9<'.,9 
1::',4.700 573.000 574.525 
224.100 821.000 801.639 
181.800 733.000 726.846 
160.800 800.000 667.919 
145.500 672.000 615.880 
i69.500 ~)90 .. 000 694.086 
153 .. 800 679.000 lJ45 .. 063 
1;57 .. 500 60'7.000 657. :'.(44 
15~t. 500 714.000 tA7.4-21 
162.800 755.000 674.154 
171.200 755 .. 000 698.909 
154.400 561.000 647.085 
170.000 518.000 6!"-?5 .. ~i lit 
175.700 6[~0. 000 '711.219 
131.400 634.000 561.126 
-- --~- _. 
- ------------
-
_._.-
62ECl07 148.900 734.000 
139.200 7(34-.000 592 .. 221 
141.900 632.000 602 .. 520 
158.700 709.000 661.2::::1 
155 .. 300 712.000 650.096 
160.500 639.000 666.972 
169.400 726.000 693.799 
-. 160.900 815.000 668.2:54 
Root mean square error - 84"936 
16. 3 Continued .•. 
Data file Fl_TA 35 data pairs 
order 3 polynomial regression 
Polynomial fitted is --
Y = -4363.690758 
+ X * 82.43298036 
+ XA 2 * -0.4540100945 
+ XA 3 * 8"463688239E-4 
x 
14','.400 6~)8K 000 
1~56 .. 200 Lj·etC!.OOO 
1 ~:iLJ • 100 ::;91':;" 000 
LW. 400 491.000 
1.130. ::.>00 "71"7.000 
11.1·5 .. 200 L167.000 
150.500 5:::::.4 .. 000 
202 .. 500 769 .. 000 
15~5 .. f:100 6 /IA.OOO 
125.500 427 .. 000 
160.40() 6b4. 000 
158.000 62 L/." 000 
134.700 573 .. 000 
224. 100 821.000 
lB1.. BOO 7:33.000 
160.>300 ElOO.OOO 
145. ~50() 672.000 
169 .. ~500 ~,:j90 .. 000 
15:3 .. BOO 679.000 
157 .. 500 607 .. 000 
1.~54 .. ~..iOO 714.000 
162.800 75~.5. 000 
171.200 755~ 000 
1~,7j4" 400 ~)61. 000 
170.000 51B.OOO 
175.700 6BO.OOO 
131. 400 6:3 /j.. 000 
14B.900 734.000 
139.200 7f.l4.000 
14·1. 900 6:32.000 
1.:;8.700 709.000 
155.300 712.000 
160.500 639.000 
169. '1·00 726.000 
1.60.900 Bl.!5 .. 000 
640.4B2 
660.74~) 
6 r_~·t:· 
,_/..J .. 12[-3 
~!51l2 .. 199 
"100.719 
624. 6:8 
64 /, .• 186 
7-:::':9. 78::) 
6~5r;>. 716 
50~:;'" B!56 
6"10. :50'7 
6t."J~5 " ~ ~;:"~=. J ... .J"J 
:5)'0 .. 965 
fl34.229 
"lU2 .. 6iB 
6"7l. • ",,4· 5 
625 .. 81.J.6 
6f36 .. ::;04 
6~:i4 .. 2B2 
663.966 
65f-J .. 2~3S") 
675.321 
6f.-3f:L S14:3: 
CJ~55. 96:~:; 
687.234 
694.928 
5·49.280 
6;58. 73f3 
596.6'1,0 
61.0.060 
666.776 
658.40:3 
670.718 
686. :0;56 
671 .. ~)~j2 
Root mean square el .... ror = 83 .. 8511. 
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16. 3 Continued ... 
Data file FLTA data pairs 
order~ 4 polynomial regression 
Polynomial fitted is . 
Y = -26416.88985 
+ X * 614~021508 
+ XA 2 * -5.200628923 
+ X-3 * 1.944892827E-2 
+ XA 4 * -2.699028374S-5 
X Observed V Predicte(j Y 
149.400 
1~)6. 200 
1:'i4.100 
1:50.400 
180.:300 
1.4·~5. 200 
:l50.500 
202. ~500 
155 .. 800 
l2~~" 500 
i <SO " 1.1·00 
151].000 
l::;A. 700 
22'~'" lOO 
181.UOO 
160.800 
145.500 
169 .. !:-,OO 
15:".800 
1 ~5'7 • :':;00 
154 .. 500 
162. flO0 
171 .. 200 
154.400 
170.000 
175.700 
1::;: 1. LJOO 
lIJ-8.900 
1 :39. 200 
14·1.900 
158,,700 
155.·~500 
160.500 
169.400 
160.900 
658.000 
490 .. 000 
t5('l(") .. 000 
4·91.000 
]1'7.000 
46].000 
~5:~::4 .. 000 
769.000 
64-4.000 
427 .. 000 
664.000 
6::'4.000 
57:3.000 
8::~ 1 .. 000 
73:3. (lOO 
800.000 
672.000 
590.000 
679.000 
60'7.000 
114.000 
7:=55.000 
75~) .. 000 
561. 000 
518.000 
680.000 
6::'~4. 000 
734.000 
784.000 
632.000 
70'7.000 
71.2.000 
639.000 
726.000 
E115.000 
647.09:::: 
6~5C?" 7:;;~B 
6:;;6.4-46 
~'40. 11:3 
700.219 
6::'~':;. 1. 07 
649.59f3 
7"79.017 
659.13~3 
1I·7C'7'ft '96:2 
66~::j .. 4::~~5 
~i'79. 06.5 
l120.17B 
'704. ;~94 
66~5. 9:54 
6::6.111 
677.B21 
6::3~5 .. 9 tl l, 
661..58:3 
6~7. 104 
66fJ. 'P9 
6l10.617 
656.941 
6-18.620 
6B9.251. 
~.:j50. 221 
64~:5 .. B7f:j 
608.774 
622 .. 226 
663.2:l0 
<~::m. :,,71 
J 665.551 
677.664 
666.062 
Root mf.i'an square (?r-r-or" - 82 .. 803 
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16. 3 Continued ... 
Data file FLTA 35 data pairs 
order 5 polynonlial regression 
Polynomial fitted is .-
v - -20049~94581 
+ X * 385.2780125 
+ XA 2 * -2»027678269 
+ XA 3 * -1.912720174E-3 
+ XA 4 * 4.307204875E-5 
X 
+ XA 5* -8.978863794E-B 
Observed Y Predicted Y 
149.400 
156M200 
154" 100 
130.400 
180.300 
145.200 
150"500 
202.500 
155.800 
1~.500 
160.400 
158.000 
134.700 
224. 100 
181.800 
160.800 
145"500 
169.500 
153.800 
157.~O 
154Q500 
162.BOO 
171.200 
154.400 
170.000 
175.700 
131.400 
148.900 
139.200 
141.900 
158.700 
155.300 
160.500 
169.400 
160.900 
658.000 
490.000 
596.000 
491.000 
717.000 
467~OOO 
534.000 
769.000 
644.000 
4·27.000 
664.000 
624.000 
573~OOO 
821.000 
733.000 
800.000 
672.000 
590.000 
679.000 
607.000 
714.000 
755.000 
755.000 
561.000 
518.000 
680.000 
634.000 
734.000 
784.000 
632.000 
"709.000 
712.000 
639.000 
726.000 
815.000 
649.189 
660.096 
657.416 
538~706 
698.353 
637.749 
651.469' 
791.184 
659.618 
474.739 
664.545 
662.101 
579.968 
816.459 
702.942 
664.942 
638.733 
674.974 
656.994 
661.564 
657.962 
666.936 
677.633 
657.827 
675.723 
686.404 
549.439 
648.066 
611.056 
624.861 
662.832 
659.001 
664.644 
674.828 
665.041 
Root nlean square error- - 82.843 
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16. 3 Continued ..• 
Data file FLTA 35 data pairs 
order 6 polynomial reg~ession 
F~olynomial fitted is :-
y-- 244:38. 08'i2:" 
+ X * -634.4605713 
+ XA 2 * 4.4541835'77 
+ XA 3 * 1.548597856E-2 
+ XA 4 * -3.327422702E-4 
+ V.··~= ...... 1 l(- 1 .. 47381226(7'::': -M6 
+ X····6 ~. -~2 .. 1 :5 '7 0 0 ::'; '1::'i fl [,: --"I 
X Obsf.?I"'ved Y F't'-ecl i t:tc~cI 
1 L~';'. 400 6~)BM 000 6f~·8" Ml56 
156,,200 490 .. 000 t:..\6::~~ .. 666 
154 .. 100 ::)';)6 ~ 000 6",0. 195 
:l:;0.400 4';'1.000 5~55R 757 
1 FlO. :,00 '717. 000 6E38 .. 4·~'j/~) 
145.200 46,! .. (lOQ S~~;:::;;" :~;99 
150.500 5:3;4 .. 000 651. ';':::;'7' 
202 .. 500 '7(;,9.000 802 .. 306 
1~5:-5M 800 6"1.4. 000 b6:~;. 072 
125 .. 500 42'7 .. 000 4·90.919 
160 .. 4·00 66'l·.OOO 668 .. ~526 
158 .. 000 624. 000 665 .. 987 
1,:5-1. '700 ~:i·7~5 .. 000 c'-10.837 
:224 .. 100 82:l" 000 Fl lit. 60'7 
181 .800 T5~;. 000 692.380 
160.800 800.000 668.64B 
1.1t5 .. ~500 6'72 .. 000 6 ::';~ .• 67:2 
169 .. 500 590 .. 000 67:-$.745 
15:-3 .. 800 6'7';'.000 659 .. 624 
157.500 607.000 66~5" ~;'77 
1. ~:j4 .. :::iOO "114.000 660. '?26 
162.BOO 755.000 1.,,70.035 
171.200 75~:;. 000 67 Lt.. 948 
154.400 561.000 6(,0. "147 
170.000 51('l.000 674.07::'; 
17~'. 'lOO 61'l0.OOO 679. 791 
131.400 6~$4. 000 544 .. ~5:~2 
lAB .. 'lOO TH. 000 (~')47 .. l.'i'i 
1~'9. 200 7f34.00t) 601..919 
141.900 6::,2.000 617.51'1 
15El. 'lOO '709.000 666.'750 
1~55 .. 300 712 .. 000 662.2B'7 
160. ~jOO 6;39. (lOO 66B .. LJ.OB 
169.400 726.000 673.681 
160.900 81~j. 000 66B.'726 
Root mean square error - 83 .. 872 
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16. 3 Summary 
Deviations from linear 
11 " 2 
Reduction 
Deviations from linear 
11 " 3 
Reduction 
Deviations from linear 
" 4 
Reduction 
Deviations from linear 
11 " 5 
Reduction 
Deviations from linear 
" 11 6 
Reduction 
D of F 
33 
32 
1 
33 
31 
1 
33 
30 
1 
33. 
29 
1 
33 
28 
1 
SS 
256,442 
252,494 
3,948 
256,442 
246,102 
10,340 
256,442 
239,972 
16,470 
256,442 
240,204 
16,238 
256,442 
246,208 
10,234 
All values of F not significant (p > 0.05) 
MS 
7,890 
3,948 
7,939 
10,340 
7,999 
16,470 
8,283 
16,238 
8,793 
10,234 
page 430 
"F" 
0.500 
1.302 
2.059 
1. 960 
1.164 
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16. 4 SIH 
PEARSON PRODUCT 110MENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. x. 
NO. SUB ISCI-I HT 
1 76.500 
2 71.800 
-:,. 
-' 
'73.200 
4 78.800 
5 73.800 
6 80.200 
7 78.500 
8 78.500 
9 77.500 
10 73.800 
11 78.300 
12 74.400 
13 77.800 
14 85.900 
15 82.500 
16 81.800 
17 79.800 
18 77.300 
19 81.700 
20 81.400 
21 78.000 
.. ,.") 
~~ 76.600 
23 87.800 
24 76.500 
25 74.900 
26 81. 300 
27 76.600 
28 83.300 
29 73.400 
30 80.200 
31 84.100 
32 79.000 
33 72.900 
34 84.800 
35 89.800 
NUrlBER OF DATA PAIRS 35 
SUB ISCH HT 
MEAN 78.93428567 
STANDARD DEVIATION 4.339825356 
VAR. Y. 
DPP 
658.000 
490.000 
596.000 
4'11.000 
717.000 
467.000 
534 .. 000 
"169.000 
644.000 
427.000 
664.000 
624.000 
573.000 
821.000 
733.000 
800.000 
672.000 
5',0.000 
679.000 
607.000 
714.000 
755.000 
755 .. 000 
561.000 
518.000 
680.000 
634.000 
734.000 
784.000 
632.000 
70'1.000 
712.000 
639.000 
726.000 
815.000 
DPP 
654.9714282 
102.7548442 
CORRELATION COEFFICIENT 0.5232811938 
WITH 33 DEGREES OF FREEDOM 
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16. 4 Continued ... 
REGRESSION LINE DPP (Y) ON SUB ISCH HT (X) 
Y = 12.38982519 X - 323.0105731 
OBS VAF<. X VAR.Y CALC. RESIDUAL. 
NO. SUB ISCH HT DPP Y. Y. 
1 76.500 658.000 624.811 33.189 
2 71. 800 490.000 566.579 -76.579 
3 73.200 596.000 583 .. 925 12,(>75 
4 78.800 491.000 653. :::'~O8 -162.308 
~" 
'" 
73.800 717.000 591.359 125.641 
6 80.200 467.000 670.653 -203 .. 653 
7 78.500 5~54. 000 649. 5'~1 -115.591 
8 78.500 769.000 649.591 119.409 
9 7"7.500 644.000 637.201 6. 79cl 
10 73.800 42'7.000 591.359 -164.359 
1 1 78.300 664.000 647.113 16.887 
12 74.400 624.000 598.792 25.208 
13 77.800 573.000 640.918 -67.918 
14 85.900 821.000 741.275 79.725 
15 82.500 7::;::';.000 699.150 :::'~3. 850 
16 81.800 800.000 690.477 109 .. 523 
17 79.800 672.000 665.6'n 6.303 
18 77.300 590.-000 634.723 -44.723 
19 81.700 679.000 689.238 -10.238 
20 81.400 607.000 685.521 -78.521 
21 78.000 714.000 643.396 70.604 
22 76.600 ·755.000 626 .. 050 128.950 
23 87.800 755.000 764.816 -9.816 
24 76.500 561.000 624.811 -63.811 
25 74.900 518.000 604.987 -86.987 
26 81. 300 680.000 684.282 -4 .. 282 
27 76.600 634.000 626.050 7.950 
28 83 .. 300 734.000 709.062 24.938 
29 73.400 784.000 586.403 197.597 
30 80.200 632.000 670.653 -38.653 
31 84. 100 "'09.000 '718.914 -9.914 
32 "79.000 712.000 655.786 56.214 
33 72.900 639.000 580.208 58.792 
34 84.800 726.000 727.647 -"1.647 
~~ . 
...>.., 89.800 815.000 789.596 25.404 
SUM OF SQUARES OF RESIDUAL.S 260690.9125 
STANDARD ERROR OF ESTIMATE 88.88039502 
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16. 4 Continued ... 
Data file WSIOP 35 data pairs 
order 2 polYnomial regression 
Polynomial fitted is :-
y = 3099.448782 
+ X 
* 
-73.37989357 
+ X· .... 2 
* 
0.5357267354 
X Ob':,erved Y Preeli et.ed Y 
76.500 658.000 621. 094 
71.800 490.000 592.572 
73.200 596.000 598.593 
7B.800 491.000 643.676 
73.800 717.000 601.816 
80.200 467.000 660.197 
78.500 534.000 640.409 
78.500 769.000 640.409 
77.500 644.000 630.216 
73.800 427.000 601.816 
78.300 664.000 638.285 
74.400 624.000 605.425 
77.800 573.000 633.161 
85.900 821.000 749.142 
82.500 733.000 691.898 
81.800 800.000 681.650 
79.800 672.000 655.263 
77.300 590.000 628.306 
81.700 679.000 680.229 
81.400 607.000 676.029 
78.000 714.000 635.179 
76.600 755.000 621.958 
87.800 755.000 786.526 
76.500 561.000 621.094 
74.900 518.000 608.727 
81.300 680.000 674.651 
76.600 634.000 621.958 
83.300 734.000 704.253 
73.400 784.000 599 .. 625 
80.200 632.000 660.197 
84.100 709.000 717.293 
79.000 712.000 645.908 
72.900 639.000 597.126 
84.800 726.000 729.266 
89.800 815.000 830.056 
Root mean square err"or = 85.428 
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16. 4 Continued ... 
Data file WSIOP 35 data pairs 
order 3 polynomial regression 
Polynomial fitted is :-
y = 8517.726574 
+ X 
* 
-276.2675707 
+ X'~2 ... 3.061831479 
+ X'~"3 
* 
-1.045764107E-2 
X Observed Y Predicted Y 
76.500 658.000 620.005 
71.800 490.000 595.335 
73.200 596.000 599 .. 239 
78.800 491.000 643.137 
7:~. 800 ·717.000 601.841 
80.200 467.000 660.320 
78.500 534.000 639.749 
78.500 769.000 639.749 
77.500 644.000 629.247 
73.800 427.000 601.841 
78.300 664.000 637 .. 551 
74.400 624.000 604.980 
77.800 573.000 632 .. 268 
85.900 821.000 750.546 
82.500 733.000 693.114 
81.800 800.000 682.567 
79.800 672.000 655 .. 185 
77.300 590.000 627 .. 295 
81.700 679.000 681.100 
81.400 607.000 676.758 
78.000 714.000 634.344 
76.600 755.000 620.870 
87.800 755 .. 000 786.493 
76.500 561. 000 620 .. 005 
74.900 518.000 607.997 
81.300 680.000 675.330 
76.600 634.000 620.870 
83 .. 300 734.000 705 .. 733 
73.400 784.000 600.046 
80.200 632 .. 000 660.320 
84.100 709.000 718.927 
79.000 712.000 645 .. 454 
72.900 639.000 598.144 
84.800 726.000 730.918 
89.800 815.000 826 .. 721 
Root mean square error = 85.418 
page 435 
16. 4 Continued .•. 
Data file WSIOP 35 data pairs 
order 4 polynomial reoression 
Polynomial fitted is ,-
Y = 931.3579655 
+ X * 142.2011365 
+ X· .... 2 
* 
-5.501166338 
+ X'~~3 
* 
6.668:'W6264E-2 
+ X··''4 
* 
-2. 584008082E-4 
X Observed Y Predicted Y 
76.500 658.000 619.434 
71.800 490.000 596.662 
73.200 596.000 599.676 
78.800 491.000 642.728 
73.800 717.000 601.978 
80.200 467.000 660.263 
78.500 534.000 639.287 
78.500 769.000 639.287 
77.500 644.000 628.670 
73.800 427.000 601.978 
78.300 664.000 637.057 
74.400 624.000 604.869 
77.800 573.000 631.714 
85.900 821.000 751. 645 
82.500 733.000 693.792 
81.800 800.000 683.023 
79.800 672.000 655.014 
77.300 590.000 626.710 
81.700 679.000 681.523 
81.400 607.000 677.082 
78.000 714.000 633.811 
76.600 755.000 620.293 
87.800 755.000 786.732 
76.500 ·561.000 619.434 
74.900 518.000 607.719 
81. 300 680.000 675.622 
76.600 634.000 620.293 
83.300 734.000 706.638 
73.400 784.000 600.377 
80.200 632.000 660.263 
84.100 709.000 720.002 
79.000 712.000 645.087 
72.900 639.000 598.750 
84.800 726.000 732.073 
89.800 815.000 824.508 
Root mean square error = 85.395 
16. 4 Continued ... 
Data file WSIOP 35 data pairs 
order 5 polynomial regression 
Polynomial fitted is .-
Y = -1323789.974 
+ X • 50547.38701 
+ X'· ... 2 * -469.0726551 
+ XA 3 * -3.878799378 
+ X'~4 • 8. 361223823E-2 
+ X'~"5 • -3.52818327E-4 
X Observf.?d Y 
76.500 658.000 
71.800 490.000 
To:. 200 596.000 
78.800 491.000 
73.800 717.000 
80.200 467.000 
78.500 534.000 
78.500 769.000 
77.500 644.000 
73.800 427.000 
78.300 664.000 
74.400 624.000 
77.800 573 .. 000 
85.900 821.000 
82.500 733.000 
81.800 800.000 
79.800 672.000 
77.300 590.000 
81.700 679.000 
81.400 607.000 
78.000 714.000 
76.600 755.000 
87.800 755.000 
76.500 561.000 
74.900 518.000 
81.300 680.000 
76.600 634.000 
83.300 734.000 
73.400 784.000 
80.200 632.000 
84.100 709.000 
79.000 712.000 
72.900 639.000 
84.800 726.000 
89.800 815.000 
Predicted 
652 .. 153 
482 .. 585 
596.679 
634.269 
623.939 
633.769 
636 .. 043 
636.043 
644.183 
623.939 
637.454 
641.361 
641 .. 532 
791. 716 
670.811 
654 .. 208 
632 .. 369 
645.957 
652 .. 208 
646.786 
639.827 
651.516 
839.165 
652.153 
649.798 
645.173 
651 .. 516 
694.880 
606.988 
633.769 
723.185 
633 .. 354 
578.697 
749.980 
796.497 
Root mean square error = 85.682 
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16. 4 Continued ... 
Data file WSIOP 35 data pairs 
order 6 polynomial regression 
Polynomial fitted is ,-
Y = 12470.76074 
+ X * 594.337326 
+ X'~~2 
* 
-35.7758261 
+ X"'~3 
* 
0.4336573342 
+ X·hA 
* 
1.265941741E-3 
+ X"'~5 
* 
-4. 994165602E-5 
+ X'·'6 
* 
2. 26478417E-7 
X Observed Y Predicted Y 
76.500 658.000 617.426 
71.800 490.000 603.245 
73.200 596.000 599.903 
78.800 491.000 643.196 
7:3.800 717.000 600.733 
80.200 467.000 661.897 
78.500 534.000 639.430 
78.500 769.000 639.430 
77.500 644.000 627.672 
73.800 427.000 600.733 
78.300 664.000 636.975 
74.400 624.000 602.743 
77.800 573.000 631.058 
85.900 821.000 749.168 
82.500 733.000 695.336 
81.800 800.000 684.894 
79.800 672.000 656.389 
77.300 590.000 625.489 
81.700 679.000 683.419 
81.400 607.000 679.021 
78.000 714.000 633.386 
76.600 755 .. 000 618.371 
87.800 755.000 783.270 
76.500 561.000 617.426 
74.900 518.000 605.235 
81.300 680.000 677.565 
76.600 634.000 618.371 
83.300 734.000 707.508 
73.400 784.000 600.041 
80.200 632.000 661. 897 
84.100 709.000 719.939 
79.000 712.000 645.760 
72.900 639.000 599.969 
84.800 726.000 731.065 
89.800 815.000 826.123 
Root mean squar-e error::::: 85.728 
16. 4 Summary 
Deviations from linear 
" " 2 
Reduction 
Deviations from linear 
" u 3 
Reduction 
Deviations from linear 
" " 4 
Reduction 
Deviations from linear 
" " 5 
Reduction 
Deviations from linear 
" 6 
Reduction 
D of F 
33 
32 
1 
33 
31 
1 
33 
30 
1 
33. 
29 
1 
33 
28 
1 
ss 
260,691 
255,428 
5,263 
260,691 
255,368 
5,323 
260,691 
255,231 
5,460 
260,691 
256,949 
3,742 
260,691 
257,225 
3,466 
All values of F not significant (p > 0.05) 
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MS "F" 
7,982 
5,263 0.659 
8,238 
5,323 0.646 
8,508 
5,460 0.642 
8,860 
3,742 0.422 
9,187 
3,466 0.377 
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Appendix 17 
Analyses of covariance for the relationships between 
optimised peak power output and the anthropometric indices 
of the lower limb in men and women. 
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17. 1 LLV 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VM;:. X. W\R. Y. 
ND" I...LV ["'PO 
1 
3 
20 
21 
:.23 
25 
::52 
34 
:::6 
37 
~:8 
:::;:9 
'j.£) 
41 
42 
'j.:'.~ 
44 
LI·5 
46 
47 
48 
4'9 
50 
51 
'1.7'fG 6~'SB. 000 
4 .. 5~:50 LI·C;O .. 000 
4,,940 ::.596~ 000 
~i .. 260 4'1l.000 
5 .. 5 LH) 717.000 
4. 9~)O 467,,000 
/.I. ~ ~soo ~5::::;·(;1-" 000 
7 .. :320 769.000 
~ .. O90 644. 000 
:~~ .. ~570 '-1·2'7 .. 000 
'1-.6::":0 66LI. 000 
'j .• 9::":0 1~)24 .. 000 
l~. .. :::; ::~; 0 573 .. 000 
"' .. B90 821 .. 000 
b" 8~20 7:~;:3 .. 000 
5 .. 4-60 E!OO .. 000 
1i.~51.:0 672 .. 000 
~.) .. ti~50 ~:;t;;;O .. 000 
~:5 .. :380 679 .. 000 
5 .. 680 1:,,0'7 .. 000 
~5 .. or~J() 714.000 
11· .. 660 7~J5 .. 000 
5 .. 970 755 .. 000 
4 .. 9~jO :361 .000 
~.:.:; .. 100 518. 000 
I:~' 
,J. 910 680,,000 
'1- 1'10 6~$·1l· .. 000 
~~. 
.J. 000 73·Q" 000 
I·L :3~50 ·7E~·4 .. 000 
4. 620 632.000 
~S .. 760 709 .. 000 
r.~' 
,J" ::::;50 71.2.000 
4.'750 6::"8.000 
~ w. 5BO 726.000 
5 .. 600 !31~5. 000 
7,,0::;0 928,,000 
7. 4"70 1325.000 
8.800 1113.000 
7. 4·1',0 9~.50 .. 000 
7. ],60 1231.000 
7. 6'10 '142.0<:>0 
7. 500 889.000 
6. 4::":0 904,,000 
8,,410 1.2:35.000 
7.730 889. 000 
6.'700 9],7.000 
6. '720 850.000 
6. 410 997,,000 
8.260 1003,,000 
7. '170 1205~OOO 
8 .. 460 1211.000 
17. 1 Continued ... 
~52 8. 'PO 
~~'7 
.. J":' 6,,910 
54· 8.500 
1=' I;~~ 
. ..;....; 7.020 
NUMBER OF DATA PAIRS 
LLV 
MEAN 6.086909087 
,nm·ID()RD DEV liYf I ON 1.40-;-:::-;::::::,272 
971:1 .. 000 
i.08-1.000 
Im12.000 
1026 .. 000 
PPG 
"lE:::;" 200000~5 
207 .. i ("15:::;051 
CDHPE::UH I ON CUEFF I C J. t~NT (> .. f31~·::''.4::':b6 -; 613 
WITH 53 DEGREES OF FREEDOM 
REGRESSION LINE PPO (V) ON LLV (X) 
y ~ 124.1178966 X + 29.70564795 
IJBS V:~4F~ .. X V(\R. Y C{.\L.C. 
1\10. LL\' FPD v .. 
]. 4.790 l:)58~ 000 i::,L.tt .. ~';·~.::~O 
'" LI·" 550 4'"7'0 .. 000 ~394 n 442 .~ 
"=!" 
'1·.94·0 :;i96. 000 642. E]48 
'-' 
1./. 5 .. 260 491. 000 682 .. :-56~) 
~ 
-' 5 .. 540 117. ODO 717. 319 
6 l~ . .. (:r~50 467.000 64'1·.OB9 
7 4 .. ~)oo 53'4·. 000 "jOB. 2::":6 
El 7 .. ~::'20 769.000 9~':::8 .. 24·9 
'l t:"j .. 090 64A.000 661.466 
10 :2.\ .. ~=;70 4-27. 000 4-72.GOI 
11 4 .. 6~50 664. 000 604 .. ::~72 
1.2 'j .• ('7~$O 624. 000 641" 607 
1 ::: 4 .. ~~;::~;o 57:-'::; .. 000 567 .. :l36 
14 7.i390 B21. 000 1.00B.9'76 
15 6. El20 7:::3.000 1376 .. 1 '10 
16 Ej .. 460 aoo. 000 701 .. 3£:19 
17 4 .. 540 6 ...,.r~. / ..;:, .. 000 ~593M 201 
H:] ~~ .. 850 ~390 .. 000 75:5 .. 7<?5 
1 '1 ej .. 3f30 679.000 6'1].460 
20 5 .. 680 607. 000 7~~4 .. 695 
~.21 ~5 .. 090 71.4. 000 661 ,,466 
, .. ) ... .\ 
.,:..~~. 4.660 7!:5::'.5 .. 000 608. 095 
23 ::) .. 970 1::i5 .. 000 770.689 
211- 4 .. 950 !561. .. 000 6-'IA.OH9 
~~ 
"--' 
5 .. 100 518.000 66.2 .. 7(>"7 
26 5.910 600.000 76-::;:.242 
.27 4. l'lO 6::':4.000 :":")4·9 .. 7 t:;O 
28 5.000 734.000 650 .. 29::5 
29 4 .. :350 704.000 569 .. 618 
30 4 .. 620 < ""., J __ ' ~~ .. 000 603" 1.:50 
31 5. '760 709.000 74-4 .. 625 
·7'''' . ..;...;~ ~~ .. 3~50 712. 000 693" 73,-S 
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PEBIDlH',L 
Y. 
::::;:~:. n T70 
-104. LI·~t2 
--,·16 .. 8f.H3 
-1.91.. 566:> 
-0.319 
-1.'77. OEl'? 
-5,Q,. 2:~;6 
--169 .. 249 
-17. 466 
--4-!5.80] 
59.628 
·-17. 607 
5.i364 
-lEl7.996 
-14:''.. 1'10 
(-92 .. 6l- 1 
78.7'79 
_.1. c,5. 79~S 
-1B.460 
-127. 69~3 
5:;:·~ " ~7j::::;4 
14·6 .. (";)05 
-l~L 689 
-·f~.3" OB';> 
-144-.707 
~-83" 24·2 
84 .. 240 
8:3 .. 70!5 
214·.3El2 
2fl. B70 
-35. 625 
1. B. 26ft 
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17. 1 Continued ... 
3::"~ 11, • 750 6:W. 000 61.'1. 266 1'1. 7:::4· 
:34· ~) .. ::)80 '7~26 • 000 '722" 2f34 ~~; " '716 
-;r ~~~ 
... ,..; 1:,';' 
...J • 600 815 .. 000 724. '766 '10. 2:34· 
~56 '7. 0:3:0 92fl. 000 '102. 2~i4 25. 71.f6 
:~~7 '7. 4'70 B2~.) • 000 9~:i6 " El66 "'" :I. :'; :I. 
· 
U66 
-~. c.'} 
,-,1.... B. f:l00 1 1 1. 3" 000 1 121 . 'J4~5 --8. (iLl's 
'':''{''\ 
".) -, 7. Lj· ... 'J.O 9~50. 000 9:53. lIf:!. -:~:." 143 
40 '7. 160 1:2:~: 1. . 000 9lB. ~390 :~:; 1 :':'~ .. c)lO 
4 1 7. 690 942a 000 9tH. 172 -,,42. 1 :72 
4-2 7. ~500 B!39. 000 '1,'>0 .. 590 -"'71 
· 
~5(;.~O 
-13 6. "1,::';0 904ft 000 El:,:7. 7E.) LJ· '76" 216 
44 B" 41.0 :t 2~:::~5. 000 u)"n. :::;:::::7 161 
· 
463 
4:3 7. 730 Ui39. 000 9f39. 1 :,,7 -100. 137 
4,6 6. 700 91.'7. 000 f:161 29t) r=1::' '70t.1· . . ,.! ... J " 
47 6. 720 [3~'':;O • 000 86::::. 7:'0 1"" -- .. ~'. nu 
4B 6 .. 410 997. 000 f:125 .. ~501. 171 
· 
6'19 
49 f3. 2(:~.O lOO:', • 000 10::::;4" 919 -5:1. .. (~):i. '7' 
~)O 7. ','70 1 ::~o::)" 000 101 B. 9 .... ;.·:"· ...;.. •. J iU6. 075 
51 B. 460 :l.2t 1 . 000 1079. 74::: 1:::::1 
· 
2~.)"! 
52 D. 470 '''70. 000 1.080 .. 9f:34 -1.02. 98 l {. 
5:::'~ 6. 910 108"7. 000 OB'7. C>:60 1,99" 640 
54 B. 500 10£:12. 000 1 081j,. 'loa -2. i'OB 
t::'r.;;-
.. J ... } 7 • [320 102c)" 000 1000. :O:OE3 2~7.i .. 1.::.92 
SUM OF SQUARES OF RESIDUALS 66D-189.3027 
STANDARD ERROR OF ESTIMATE 112.3076307 
Men 
Women 
Pooled 
17. 1 Summary 
df 
19 
34 
53 
10.5 
25.1 
35.6 
~x.v 
871 324,860 
1,609 358,990 
2,480 683,850 
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Dev from reg 
Reg Coeff df SS MS 
83.27 18 252,303 14,017 
64.10 33 255,837 7,753 
51 508,140 9,964 
69.74 52 510,857 9,824 
Difference between slopes 1 2,717 2,717 
Combined 54 107.0 13,276 2,316,201 124.12 53 668,489 
Between adjusted means 1 157,632 157,632 
Mean Squares, F = 14,017/7,753 = 1.808 df 18,33 ns (p > 0.05) 
Comparison of slopes, F = 2,717/9,964 = 0.273 df 1,51 ns (p > 0.05) 
Comparison of elevations, F = 157,632/9,824 = 16.046 df 1,52 
(p < 0.001) 
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17. 2 LULV 
OBS 
NO. 
1 
2 
~. 
-' 
<1-
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
'.,-:r 
"'--' 
24-
,..,~ 
~.., 
26 
27 
28 
29 
30 
~;1 
-;:',., 
W~ 
-.~ 
.::,.._ ... 
::~4 
35 
36 
37 
38 
:::::9 
LJ.() 
41 
42 
43 
44· 
45 
4~) 
47 
48 
49 
50 
51 
PEJiRSON PHODUCT I'IIJMENT CORREUiT I DN COEFF I C I ENT 
********************************************** 
VI-'lF(. X. Vi-'lF(. Y. 
ULLV PPO 
4. "180 928.000 
4.9()O 825.000 
~5 ~ 720 111.:3.000 
5 .. 2~$O 9::iO ~ 000 
4.540 1231.000 
5. ~::'50 91~2. 000 
4.910 8:39.000 
4. ::'.40 "104.000 
~:5" t.:l60 :l2::5~1 .. 000 
~). '1·80 889 .. 000 
4.690 C} 17.000 
4.260 850 .. 000 
4 .. 200 997.000 
6. 170 100~5" 000 
~.5 .. 2L!·O 1.205 .. 000 
~5 .. 760 1211.000 
5 .. 260 978.000 
.!~. 790 1087.000 
5.920 10:32.000 
"" -..J. 17') 1026.000 
~~ .. 110 1.':}~5a .. 000 
~5 .. 020 .'1-90.000 
:3 .. 290 596 .. 000 
:0:.670 4·')1. 000 
3.740 717.000 
~3 .. ~520 467 .. 000 
":" 
-' . 1::~0 5:~:4 .. 000 
~,) .. 01-.)0 "71:.>'1.000 
3.440 644.000 
2.260 ·4-2"7 .. 000 
-, 
-' . 140 61:.>4.000 
'" lf30 624.000 ... )" 
2. ·780 57~5 .. 000 
5.250 fJ:21 • 000 
4·.5BO 73:3.000 
~~ .. 520 800.000 
2.780 672.000 
4·.090 590.000 
:;,~ .. 170 679.000 
~5 M 620 607 .. 000 
3.3'10 714.000 
2 .. 960 75~j. 000 
:3.770 755 .. 000 
3 .. 380 561.000 
3. ~500 51fJ.OOO 
:5.740 6BO.OOO 
2. 6~:O 6:::';4.000 
3.010 7:34.000 
2.710 784.000 
3.080 632.000 
3. '1·60 709.000 
17. 2 Continued ... 
t:',.~ 
;:!~. 
54: 
55 
3 .. 550 
:~~ ~ I;~I~~ C! 
-', .. ,. 70 
·:;.480 
NU~IDEH OF DATA P,o,IRS ~:;::j 
MEAN 4.02418182 
STANDARD DEVIATION 1.022820523 
"712.000 
639 .. 000 
726.000 
815.000 
',f:15" 2 
207 .. 1 0::;3051 
CORRELATION COEFFICIENT 0.80860"75361 
WITH 53 DEGREES OF FREEDOM 
HEGHESBION LINE PPO (V) ON ULLV (X) 
V .- 1. 63 .. 7~)O495 X + 126.3107184 
OB~) VAf':.X W\Fl. V C()LC. 
NO. ULLV PPO V. 
1 4.780 928 .. 000 <:r08 .. 9~':;O 
2 4.900 8:::::5.000 92B.59fl 
3 5 .. 720 11 1::::: .. 000 1062.857 
4 ~j. 230 950 .. 000 982.629 
c· 
.1 4.540 12:',1 .000 869n 6::i5 
6 5 .. :~;50 942.000 1002.27"7 
7 4.910 B89.000 930.235 
8 4. :5·1·0 9i)4.000 B:36.909 
'? 5.660 12::~5. 000 1 O~:;:::::" ():::.~~; 
10 :':i.4[30 BI:N.OOO 1023 .. ~562 
11 4.690 ',1'7.000 8("]4.215 
1.2 if" 260 8:50.000 B2~) .. 811 
1 "!O' 
-' 
4 .. 200 '7<?7.000 I:ll :', • '7f.f7 
14· 6. 170 100"",000 11 ~)6 .. 5~:>6 
15 5.240 120~3. 000 9[34.267 
16 5.760 1211.000 l06e? 406 
1"7 ~5;. 260 978.000 91,17.541 
1 El 4.790 108"1.000 91.0.588 
19 5.920 1082.000 1095.603 
20 ~. ~I. 1."70 1.026.000 972 .. 805 
21 ~5 n 110 6~i8" 000 6:~~5. 521 
22 3.020 490.000 620 .. 78~j 
23 3.290 596.000 664.992 
24 c'.670 491.000 727.210 
25 3.740 '717.000 T:m.671 
26 3.320 '467.000 66';>.904 
27 3. 130 534.000 638.795 
28 5.060 769.000 954·.795 
2(""-1 3.440 64-4.000 689. ~552 
30 2.260 4-2"7.000 '1.96.350 
31 3 .. 140 664.000 640.4:32 
~~.,., 
.;,~ 3. 1,80 624.000 646.982 
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I~ESIDLJAL 
V. 
lC},,050 
~-]. 03 .. ~39Si 
50. lL~:3 
-~52" 629 
:~~61 ~ 3-4~5 
"'60.27"7 
-41 .. 235 
67.091. 
U'J1.967 
M_:l. ~::'!~'" 562 
22.785 
26. IB9 
:lI33" 01:$ 
-1 :);~; .. ~:~:36 
220.733 
1.'+ l • ~:;94 
-·9.541. 
176. '+12 
-13.60:3 
53n 3.95 
22.479 
-·1 ::;0. "78!'.'; 
-·68 .. 992 
-236.21.0 
-21.671 
-202.904-
-10'+.795 
-185.795 
-4~) .. 552 
-69.350 
23.568 
-22.982 
17. 2 Continued ... 
2:3 2. '780 ~57~5. 000 :;'i81. 48'1' 
3'~· ~5 .. 2~jO 821.000 985.904· 
35 4 .. 580 '733.000 8"76.204 
36 ::::; .. ~j20 f:100.000 702. 6~)O 
3'7 2. 71:)0 672.000 581.41039 
3f:3 4.0(1'0 5 Ci)O .. OOO "7'i'5.976 
::9 3 .. 170 677.000 64~5. 344 
40 3.620 607.000 71'i' . 023 
41 3 .. :590 1 1 ,~. 000 681. .. :::'6:5 
42 2 .. ("60 '75~:; .. 000 610,,'161 
43 3" '7"70 75~5 .. 000 ·74::~'; .. 58~5 
4·4 3 .. ~580 561 .. 000 679."728 
4~ 
,J :3 .. 309 51f:1.000 666. 629 
',6 ~. ~. 740 6BO. GOt) 7~m. 671 
4 ., 
., 2 .. 1.;,:::;:0 6:54·.000 ~55tJ .. 9:~;O 
4-f:1 3.010 734.000 61 'i. 14·B 
4·9 2. 110 7f:14.000 570.028 
~iO 3.080 6~:l2. 000 be,O. b09 
51 ;::.460 109.000 692 .. 8:,26 
!::;:';'~ ~5 .. ~:i~)O 712.000 7f..Y7 .. 562 
~;:3 ":" '-~ .. 080 6:39 .. 000 6:~~O .. 609 
5/.1· 3 .. 270 726.000 661.717 
~~~~ 
...J,J 3.4f:10 815 .. 000 696 .. 101 
SUM OF SQUARES OF RESIDUALS B01761.8306 
STANDARD ERRDH OF E3TH1('TE 122, '1942344 
" 
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'-8.48'1 
-,164. 90/~ 
-14~J. 20 .... 1 
97 .. ::;:;0 
90 .. ~.;_) 1 1. 
-·205 .. /;','16 
:33.656 
-1 1,2 .. 02~.:; 
~::;2 .. ~J3~5 
l.l~A .. ((:;'9 
11. 11.17 
-118.'728 
-148.629 
-58.671 
77 .. 0'70 
114.('152 
21.3 .. 9'72 
1.. :391 
16" 1.74 
,. " 'j. :.~ l'l 
B" :":91 
64 .. 2f:r.::: 
1 18.899 
i 
··1 
! 
17. 2 Summary 
df 
Men 19 6.1 
Women 34 12.8 
Pooled 53 18.9 
Combined 54 56.5 
~X,Y 
529 324,860 
883 358,990 
1,412 683,850 
page 447 
Dev from reg 
Reg Coeff df SS MS 
87.16 18 278,767 15,487 
69.01 33 298,076 9,033 
51 576,843 11,311 
74.85 52 578,198 11,119 
Difference between slopes 1 1,355 1,355 
9,249 2,316,201 163.73 53 801,762 
Between adjusted means 1 223,564 223,564 
Mean Squares, F = 15,487/9,033 = 1.714 df 18,33 ns (p > 0.05) 
Comparison of slopes, F = 1,355/11,311 = 0.120 df 1,51 ns 
(p > 0.05) 
Comparison of elevations, F = 223,564/11,119 = 20.106 df 1,52 
(p < 0.001) 
17. 3 LTA 
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PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAf~. X. VAR. Y. 
NO. L.Tf.', PPO 
1 
3 
4 
5 
6 
'7 
cl 
9 
10 
1 1 
1 '~,~ 
1 :~:; 
1<1-
15 
16 
1"! 
Hl 
19 
20 
21 
,"),., 
..:.....:.. 
24 
, .... I::;' 
':'-.J 
26 
27 
21:1 
29 
::!:O 
3:1. 
33 
36 
3'7 
38 
39 
40 
41. 
42 
43 
44 
45 
46 
47 
f~·El 
49 
50 
51 
206.400 
191 .• 600 
230. ~$OO 
19:=; .. 200 
216. -lOO 
191.600 
1 C?::::: .. 600 
190.000 
·2:::;4.600 
208.700 
191.700 
1 9''t. fJ.OO 
1TI. :500 
21~:; .. ~)OO 
229.200 
229.000 
251..700 
214. 100 
;244. 1300 
21E3. 100 
11]·9. 11·00 
1~)6.200 
:1.54 .. 100 
1 :C:O" 400 
1flO. :300 
14~j. 200 
150 .. 500 
202.500 
15~5 .. 800 
12~) .. 500 
160.400 
158.000 
13~·. 700 
224 .. 100 
181.BOO 
1.60.800 
14~5 .. ~300 
169. ~500 
153.800 
157"500 
1 ~54. ~300 
1.62.ElOO 
171.200 
154.400 
170.000 
175.700 
1 ::'(1. flOC> 
1 '1·f3. 900 
139.200 
141.900 
15f3.700 
ci'2f3.000 
B25 .. 000 
111:5.000 
950 .. 000 
12~:1. 000 
942,,000 
!~8r::;" 000 
904.000 
12:3:5.000 
889.000 
917.000 
8~50" 000 
S'97.000 
lOO::!'. 060 
1205.000 
1211.000 
978 .. 000 
l.Ofl7,,()OO 
10B:2.000 
:1.026.000 
t;)58.000 
490.000 
596.000 
4 0,> 1 • 000 
'71'7.000 
'J.67.000 
5:54.000 
769.000 
t-A4.000 
427.000 
664.000 
62~·. 000 
573 .. 000 
821..000 
7:-$:::'~. 000 
ElOO.OOO 
672.000 
:'')90 .. 000 
679.000 
607.00<) 
'714 .. 000 
'7~;':;5. 000 
7~j5. 000 
561.0!)0 
518.000 
680.000 
634.000 
734.000 
784.000 
6:52.000 
709.000 
'" 
17. 3 Continued ... 
t:.,w .... 
,J..:~ 1:=5~;. 300 
c·-... 
-.J.;, 160.500 
=jLj. 169.400 
C'l= 
.J .. J 160.900 
NUMBER OF eA'fA PAIRS 
L'r!~ 
MEAN 177.8236364 
STANDARD DEVIATION 32.2408756:2 
ccmm::LAT I ON C[JE,FF I C I EI'!T 
WITH 53 DEGREES OF FREEDOM 
F<ECHEf3S ION L. n\IE F'PO (Y) DN LTI-\ (X) 
Y = 5 .. 51)6781282 X - 194.035872 
Cll3S VAR .. X VP,R. Y 
NCl. LTA PPO 
1 206" LI·OO 928 .. 000 
~, 
"c 191,,600 825 .. 000 
,~ 230 .. ::::00 1113.000 
4 19::;.200 9~:;O .. 000 
5 21.6."700 12::0: 1. • 000 
6 19l .. 600 942 .. 000 
"7 193.600 8lW.OOO 
f3 190.000 90Ll- .. OOO 
9 23·4 .. 600 1235.000 
10 208. "lOO 1389.000 
1.1. 191.100 917.000 
12 199.~OO f::150 .. 000 
13 171.300 997.000 
14 215 .. 500 1003.000 
1 !:j 229 .. 200 120~). 000 
16 229.000 1211 .• 000 
17 251'" "lOO 978.000 
18 21.4 • 100 1087.000 
19 2fjA.800 1082 .. 000 
20 218" 100 1026.000 
21 149.400 65B.OOO 
22 156 .. 200 ·1·90.000 
2::::; 1 ~S4· .. 100 596.000 
24 130. '~OO 4','1.000 
25 180.300 717.000 
26 145.200 467.000 
27 1 ~5()" ~:;oo 5:~:;4" 000 
28 202 .. 500 769.000 
29 155.800 64-4.000 
~;o 125 .. ~;O(J 427.000 
:3: 1. 160.4·00 66<1.000 
-.-.", .~~ 158.000 62' .. 000 
71:2 .. 000 
6;,9.000 
726.000 
81,)" 000 
PPU 
785 .. 2 
CALC. 
Y. 
(:;011-2. ::564 
861. 06:5 
10'7f~ .. 176 
BBO .. El8t1 
99'~. 284 
861.063 
1372.077 
El ;:Y'::2 .. 2 ~~r:::; 
1097.855 
C;5~) .. 229 
861,.61L1-
904 .. 016 
782 .. 316 
992.675 
1068. U8 
1067.017 
1192.021 
984.966 
:l1~5f!." 024 
1006" 99:5 
628.67"1 
666 .. 1'0 7 ..: • ..::> 
~)~54 .. ~5~)9 
~j2/1·. 04B 
798.831 
605. ~j49 
6::~4 .. 7:35 
';>21.087 
663.921 
497.065 
689.252 
676.036 
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RESIDU!~L 
Y. 
-14. :56'+ 
-·36.06:'5 
cm. 82,1 
69.11:2 
231. "716 
80.9:37 
1(;:)" 92~S 
:51.7"1'7 
137 .. 145 
--66 .. 229 
'--54· .. 0:1. I.;, 
214.684 
1.0.325 
1::;6 .. 882 
143.9£r3 
-214.021 
102.034 
'-72.024-
19.007 
29 .. 32~~ 
-176.12:;:: 
-M'~5B .. ~559 
.. <53.04f:3 
-81.8:;::7 
-138. ~:;49 
-1.00. 7:::;~3 
--152 .. 087 
-19.921 
-70.065 
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17. 3 Continued ... 
3:~:; 1::'~4. 700 573.000 547. 72El 25.272 
34 224a 100 821.000 1040.034 -21.9 .. 034 
~.t;:" 
,_'.,.,J 10l.BOO 7~$3. 000 El07.097 ···74 .. 097 
36 160. BOO BOO. 000 691. 455 108.545 
-
37 145 .. 500 672.000 607.201 64. 7'"79 
~$fJ 16'~ • ~.:)OO ~jt;.tO. 000 -:;":3<";' .. ::::'c)4 -lL~9 .. ~~64 
:3:9 15:3. BOO 679.000 C:)52.907 26. 09~~ 
11-0 157. ~300 607.000 67:3.2[:12 -··66. 2fJ2 
41 1~5LJ. .. 500 714.000 656.762 57 .. 2:38 
4') 162.800 755.000 702 .. 46!3 !:;2 .. :::;:32 
4:3 P1. 200 7:5~~j" O()() 7 4fJ. 7:,,::'5 ! ' .. , ..• ~~~. t:" ... ,: .. / •. .J 
4.4- 15 .. Q·.400 561 .000 656.211. --('i~; .. 211 
4-1~5 170.000 518.000 71.12. 11.7 -224. 117 
1j.·6 17'5. 700 6(:10.000 7'7~; .. ~.30C) -·(113 .. 506-
47 131.400 6::"-4.000 529 .. 555 104. 41~5 
4·~1 14(:1. 900 734.000 e)2~5 ~ 924 1.0[:1.076 
49 139 .. 200 7B4 .. 000 ~5721O 508 211.492 
50 14·1.900 632.000 5f:17.376 44 .. 624 
~;1 1 ~lf:l. 700 70cr.000 67'i.B'iO 29 .. 1. 10 
52 15~) .. ~500 712.000 661 .. 167 ~jO .. B33 
53 160.500 6:39.000 689.00:5 -50 .. BO:5 
54 16'7~ '1·00 721:.),,000 "1::m.81:3 ~~'1. 2. 1':11:3; 
55 160.900 815.000 692.005 1 '")'''.' ..:. . ..:.. . 975 
SU~I OF ~mU('\F~ES OF HES r DUALS 6 lA 0::;0 • 2571. 
STANDARD ERROR OF ESTIMATE 107.635B516 
--_ .. _--
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17. 3 Summary 
Dev from reg 
df :!:x2 :!:xy :!:y2 Reg Coeff df SS MS 
Men 19 7,907 32,079 324,860 4.057 18 194,715 10,818 
Women 34 12,634 35,995 358,990 2.849 33 256,442 7,771 
51 451,157 8,846 
Pooled 53 20,541 68,074 683,850 3.314 52 458,254 8,813 
Difference between slopes 1 7,097 7,097 
Combined 54 56,132 309,119 2,316,201 5.507 53 614,030 
Between adjusted means 1 155,776 155,776 
Mean Squares, F = 10,818/7,771 = 1.392 df 18,33 ns (p > 0.05) 
Comparison of slopes, F = 7,097/8,846 = 0.802 df 1,51 ns 
(p > 0.05) 
Comparison of elevations, F = 155,776/8,813 = 17.676 df 1,52 
(p < 0.001) 
17. 4 SIH 
OBS 
NO. 
1 
2 
3 
4 
'" 
'" 6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
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PEAF:SON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
VAR. x. VAR. Y. 
SUB ISCH HT DPP 
76.500 658.000 
71.800 490.000 
73.200 596.000 
78.800 491.000 
73.800 717.000 
80.200 467.000 
78.500 534.000 
78.500 769.000 
77.500 644.000 
73.800 427.000 
78.300 664.000 
74.4·00 624.000 
77.800 573.000 
85.900 821.000 
82.500 733.000 
81.800 800.000 
79.800 672.000 
'77. ~:;OO 590.000 
81.700 679.000 
81.400 607.000 
78.000 714.000 
76.600 755.000 
87.800 755.000 
76.50(1 561.000 
'74.900 518.000 
81.300 680.000 
76.600 634.000 
83.300 734.000 
73.400 784.000 
80.200 632.000 
84.100 709.000 
79.000 712.000 
72.900 6:'::9.000 
84.800 726.000 
89.800 815.000 
80.600 928.000 
88.400 825.000 
86.200 1113.000 
89.100 950.000 
87.600 1231.000 
83.700 942.000 
82.500 889.000 
79.800 904.000 
95.200 1235.000 
88.000 889.000 
85.400 917.000 
78.800 850.000 
84.000 997.000 
87.600 1003.000 
89.000 1205.000 
86.200 1211. 000 
17. 4 Continued ... 
52 
53 
54 
55 
85.700 
81.200 
86.500 
90.500 
NUMBER OF D?\TA PAIRS 55 
978.000 
1087.000 
1082.000 
1026.000 
SUB ISCH HT DPP 
MEAN 81.43090907 
ST?-)NDARD DEVIATION 5.344913583 
785.2000003 
207.1053051 
CORRELATION COEFFICIENT 0.7375582161 
~J I TH 53 DEGREES OF FREEDD~l 
REGF:ESS ION LINE DPP ( Y) ON SUB ISCH HT (X) 
_R ___ ._. ___ , ____ • _____ R _____ ~ __________ • __________ • 
Y = 28.57898767 X - 1542.01294·7 
OBS VAR.X VAR.Y CALC. 
NO. SUB ISCH HT DPP Y. 
1 ·76.500 658.000 644.280 
2 71.800 490.000 509.958 
3 73.200 596.000 549.969 
4 78.800 491.000 710.011 
1:;;' 
'" 
73.800 "71"7.000 56"7.116 
6 80.200 467.000 750.022 
7 78.500 534.000 701.4·38 
8 78.500 769.000 701. 438 
9 77.500 644.000 672.859 
10 73.800 427.000 567.116 
11 78.300 664·.000 695.722 
12 74.400 624.000 584.264 
13 77.800 573.000 681.432 
14 85.900 821.000 912.922 
15 82.500 733.000 815.754 
16 81.800 800.000 795.748 
17 79.800 672.000 738.590 
18 77.:::.'00 590.000 667.143 
19 81. 700 679.000 792.890 
20 81.400 607.000 784. :;)1 7 
21 78.000 714.000 68·7.148 
22 76.600 755.000 647.138 
23 87.800 755 .. 000 96"7.222 
24 76.500 561.000 64'~. 280 
25 74.900 518.000 _598.553 
26 81.300 680.000 781.459 
27 76.600 634.000 647.138 
28 83.300 734.000 838.617 
29 73.400 784.000 555.685 
30 80.200 632.000 750.022 
31 84.100 709.000 861.480 
":!' '"') 
.... ..:., 79.000 712.000 715.727 
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RESIDUAL 
Y. 
13.720 
-19.958 
46.031 
-219.011 
149.884 
-283.022 
-167.438 
67. =;62 
-28.859 
-140.116 
-31.722 
39.736 
-108.432 
-91.922 
-82.754 
4.252 
-66.590 
-77.143 
-113.890 
-177.31"7 
26.852 
107.862 
-212.222 
-83.280 
-80.553 
-101.459 
-13.138 
-104.617 
228.315 
-118.022 
-152.480 
-3.727 
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17. 4 Continued ... 
33 72.900 639.000 541.395 97.605 
:;'~4 84.800 726.000 881.485 -155.485 
35 89.800 815.000 1024.380 -209.380 
36 80.600 928.000 761. 45:::'~ 166.547 
37 88.400 825.000 984.370 -159.370 
38 86.200 1113.000 921.496 191. 504 
39 89.100 950.000 1004.375 -54.375 
40 87.600 1231.000 961.506 269.494 
41 83.700 942.000 850.048 91.952 
42 82.500 889.000 815.754 73.246 
43 79.800 904.000 738.590 165.410 
44 95.200 1235.000 1178.707 56.293 
45 88.000 889.000 972.938 -83.938 
46 85. LWO 917.000 898.633 18.367 
47 78.800 850.000 710.011 139.989 
48 84.000 997.000 858.622 138.378 
49 87.600 100::;.000 961.506 ifl. '+94 
50 89.000 1205.000 1001.517 203.4·83 
51 86.200 1211.000 921.496 289.504 
52 85.700 978.000 907.206 70."794 
53 81. 200 1087.000 778.601 308.399 
54 86.500 1082.000 930.069 151. 931 
55 90.500 1026.000 1044. :385 --18. :::::S5 
SUM OF SQUARES OF RESIDUALS 1056205.819 
STANDARD ERROR OF ESTIMATE 141.1680264 
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17. 4 Summary 
Dev from reg 
df ~x2 ~xy ~y2 Reg Coeff df SS MS 
Men 19 302 4,853 324,860 16.07 18 246,738 13,708 
Women 34 640 7,934 358,990 12.39 33 260,691 7,900 
51 507,429 9,950 
Pooled 53 942 12,787 683,850 13.57 52 510,275 9,813 
Difference between slopes 1 2,846 2,846 
Combined 54 1,543 44,090 2,316,201 28.58 53 1056,206 
Between adjusted means 1 545,931 545,931 
Mean Squares, F = 13,708/7,900 = 1.735 df 18,33 ns (p > 0.05) 
Comparison of slopes, F = 2,846/9,950 = 0.286 df 1,51 ns 
(p > 0.05) 
Comparison of elevations, F = 545,931/9,813 = 55.633 df 1,52 
(p < 0.001) 
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Appendix 18 
Raw data for the comparisons between the anthropometric and 
mean power output characteristics during the Wingate 
Anaerobic Test of men and women 
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18. 1 Age (y) 
OBS 
NO. 
SI~MPLE 1. SAMPLE 2. 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1"7 
18 
19 
20 
21 
24 
25 
26 
27 
28 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VI~L. 
24.000 
21.000 
22.200 
21.100 
1 cl. 800 
20.100 
23.200 
22.100 
20.000 
21. 800 
2~~~ .. :3;00 
20.600 
29.100 
20.700 
21.700 
21.700 
21.800 
29 .. 300 
SAI'IPLE 1. 
18 
22.41666667 
7.407352937 
2 .. 721645263 
VALUE OF F 10.09729323 
WITH 17 AND 27 DEGREES OF FREEDOI'I 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDOM 
2.06996-'952 
VALUE OF t (Separate variance) 1.720206731 
WITH 1"7 AND 27 DEGREES OF FREEDOM 
VI-\L. 
.21. 700 
20.700 
20.000 
19.800 
20.200 
20."700 
21.000 
21.900 
21.300 
21.200 
22.600 
21.300 
21.600 
22 .. 600 
22.000 
22.000 
21. 100 
20.400 
19.500 
21. 100 
20.600 
21.500 
22 .. 100 
20.700 
21.400 
22.300 
22.700 
21.800 
SAI'IPLE 2. 
28 
21.27857143 
0.73359788:;3 
0.8565032885 
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18. 2 Height (cm) 
OBS SAMPLE 1 • SAt'IPLE 2. 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1"l 
18 
19 
20 
21 
. .,.., 
..:.....:.. 
23 
24 
25 
26 
27 
28 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VP,L. 
175.700 
181.000 
180.200 
181.500 
178.600 
179.700 
11'7.200 
174.000 
192.600 
176.700 
179.000 
171.800 
186.500 
176.600 
179.900 
177.200 
181 . ~~OO 
185.900 
S?-WIPLE 1. 
18 
179.7444444 
23.679085 
4.866116008 
VALUE OF F 1.58933987 
WITH 27 AND 17 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDOM 
7.972608227 
VALUE OF t (Separate variance) 8.386315417 
~JI TH 27 At-ID 17 DEGREES OF FREEDOl1 
VAL. 
16l~. 500 
154.400 
159.000 
167.600 
163.500 
164-.500 
160.400 
166.800 
166.700 
156.700 
161."100 
160.500 
161. 200 
179.900 
1"71.900 
172.700 
169.500 
166.300 
163.700 
175.200 
159.800 
159.900 
169.000 
166.100 
172.300 
168 .. 800 
1-72.200 
175.100 
SI~MPLE 2. 
28 
166.0678571 
37.6;:;411389 
6. 134-664936 
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18. 3 Body Mass (kg) 
DBS SAMPLE 1. SAMPLE 2. 
NO. 
l 
-, 
~ 
3 
4 
c· 
'" 6 
7 
8 
9 
10 
11 
12 
13 
~4 
15 
16 
17 
18 
19 
20 
21 
"''"') ~~ 
23 
24 
25 
26 
27 
28 
NUMBER OF VI~LUES 
MEAN 
VARIANCE. 
STANDARD DEVIATION 
VI-iL-
76.100 
67.800 
80.700 
7"1.700 
75.000 
72.100 
74.400 
70.200 
90.000 
n.200 
]0.800 
·74.100 
84.800 
79.500 
89.500 
·17.000 
78.200 
77.600 
SAMPLE 1. 
18 
77.03888887 
38.54369281 
6.208356692 
VALUE OF F 1.772223611 
WITH 27 AND 17 DEGREES OF FREEDOM 
SAI'1PLES REVERSED TO I'IAKE F LARGER THAN 1 
VALUE OF t (Pooled varianc:e) 
WITH 44 DEGREES OF FREEDOM 
7.890737722 
VALUE OF t (Separate varianc:e) 8.39482]947 
WITH 27 AND 17 DEGREES OF FREEDOM 
VAL. 
54.500 
47.600 
52.900 
46.000 
55.800 
46.200 
55. ;:::00 
64.500 
59.000 
46.900 
60.700 
56.600 
55.600 
76.600 
68.300 
72.200 
65.300 
61.600 
56.600 
65.400 
58.600 
51.900 
57.500 
54.100 
60.500 
·59.100 
73.800 
70.900 
28 
59.07142857 
68.30804247 
8.264867965 
" 
18. 4 WMP (W) 
OB('1 
NO. 
1 
'" ~::. 
4 
5 
6 
"1 
8 
10 
11. 
12 
13 
14 
15 
16 
17 
18 
1.9 
20 
21 
2 it 
25 
26 
27 
28 
NUMBI,oF< OF W\LUE~, 
MEAN 
VARIANCE 
STANDARD DEVIATION 
S(-)MPLE 1" 
VAL. 
67':5.000 
612.000 
7:34.000 
672.000 
'la'? 000 
6i.j·5.000 
640.000 
629.000 
808.000 
689.000 
0,409.000 
679.000 
7:52.000 
"160.000 
]1:$.000 
66:l.000 
7:3:"1.000 
699.000 
SA~IF'LE 1. 
iB 
695 .. 722222~;-; 
306:'.3B8882 
55" :::::4·788959 
VALUE OF F ,1. 3141.150"14 
WITH 27 AI'ID 17 DEGHEES m: Ff,EEDl111 
SAMPLES REVERSED Tl1 MAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES l1F FHEEDl1M 
l.3.58472257 
VALUE OF t (Separate variance) 14.00079077 
WITH 27 AND 1"1 DEGF<EES OF FHEEDOM 
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VAL. 
427.000 
345 .. 000 
3<) 1" 000 
35~::'. 000 
46"1.000 
345~OOO 
'~1 Cl. 000 
'P4.000 
47:,. (lOO 
~5:2:~ .. 000 
f!.8f1.000 
45~':'\. 000 
4'+EI" 000 
566.000 
506nOOO 
538.000 
479.000 
41E1.000 
45£l.OOO 
~)~;1. 000 
451.000 
379.000 
41:-j .. 000 
410.000 
490.000 
443.000 
~503" 000 
~520. 000 
SI'd1PLE 2" 
28 
44,7. 642857 
L'~025 .. 645507 
6~:::. 4:'~ 79"1482 
'.' 
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18. 5 WL (N) 
aBS 
NO. 
1 
SAI"IF't.E 1. SAI'IF'LE 2. 
2 
3 
4 
I:'~' 
.. J 
6 
7 
[:1 
cl 
10 
1.1 
:1.2 
13 
14 
15 
t6 
17 
18 
19 
20 
21 
..," 
..:....,:,. 
23 
24 
25 
26 
2'7 
28 
NUI"lE<EH OF VI',LUES 
I"IEAN 
VI',FUf.\NCE 
STANDI\HD DEVIATION 
W-iL. • 
48.600 
57 .. 700 
~:;6. BOO 
~31~'h 900 
52 .. 800 
54.900 
52.200 
66.000 
53 .. 000 
52.000 
!:j'I· .. ;300 
62.300 
~58. 400 
C)5.700 
::5'7 .. (,00 
58.400 
57.400 
SI~r'IF'LE 1. 
18 
56.63333336 
20 .. 95882352 
4. ~;7ElOEl07 68 
VALUE OF F 1 .. 746571539 
LHTH 27 I'd\ID 17 DE[,HEES OF FPEEDOM 
S('\MPLES ·REVERSED TO MP,I<E F LARGEH THAN 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FF:EEDOI'l 
7 .. 902260~.542 
VALUE OF t (Sep,'\\,'"at., v",riance) (3.394,4(3894·9 
WITH 27 I~~m 1"1 DEGF~EE~J OF· FREEDOt'l 
VAt.. 
~~8. 'lOO 
:34.800 
38. :;00 
cVl· .. ",:00 
42.200 
33"400 
40 .. 200 
IIf3. lOO 
4~). 200 
34. :2,,00 
45"600 
42.00U 
111.100 
56.400 
49.500 
52 .. 000 
48.100 
,(.1-1~ ... 600 
41. :WO 
4·8. lOO 
43 .. 200 
3<3.300 
42.700 
:~8. ElOO 
45.600 
4·~5" 500 
54 .. 400 
51 .. 600 
S('\MF'L.E 2. 
28 
43. 435714·29 
36. 6060846']· 
6 .. 050296245 
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18. 6 LLV (1) 
OB~l 
NO. 
1 
SI"MF'LE 1. SI\MPLE 2. 
3 
'1, 
7 
8 
9 
10 
11 
12 
13 
1,1-
1 ~1 
16 
17 
lE! 
19 
20 
21 
22 
...... ~,. 
..:: . ...:. 
24 
25 
26 
27 
28 
NUt1E<ER OF VALUES 
MEAt-! 
VI',RIANCE 
STANDARD DEVIATION 
7. (nO 
"7" 470 
B.fJ(>O 
7. 'lAC> 
7.160 
7 .. 6'10 
7.500 
6.430 
B,,410 
7"T30 
6.700 
6.720 
7.970 
El .. 4C)O 
B,,470 
6.910 
8. ::';00 
'7" B:~O 
SAMPL.E 1. 
1B 
7.62277'7777 
0 .. ~:;061. 153602 
0.711417B522 
VALUE OF F 1.619705966 
trJ I 'rH 27 At,ID 17 DEGREES OF FF<EEDOI"I 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled varianc:e) 
, WITH 44 DEGREES OF FREEDOM 
9.203157715 
VALUE OF t (Separate val"ianc:e) 9.700015977 
\~ I TH 27 AND 1 7 DEGF~EES OF FREEDOM 
VAL. 
4.790 
4 .. ~550 
11· .. C'y.q.c) 
5 .. 260 
5 .. 54·0 
4 .. 950 
4.500 
7.320 
~5. 090 
3 .. 570 
4.630 
4.930 
/~. 330 
7.B'!O 
c, .. B20 
5.460 
5. ~580 
5.6BO 
5 .. 090 
5. r::;70 
4-" 9',30 
5 .. 100 
5.910 
4.1'10 
5.000 
5. :~50 
5. :7i80 
5.600 
~31"t1F'LE 2" 
28 
5. 29B928572 
0.81975E!0685 
0" 905/+049195 
., 
page 463 
18. 7 LULV (1) 
OBS 
1\10. 
1 
SAI'1PLE 1. SM1F'LE 2. 
" 7 
B 
9 
10 
11 
12 
13 
1. 'I· 
1 ::j 
16 
17 
1.8 
19 
20 
21 
22 
.... l":'· 
"~"'.) 
24 
2" 
27 
:2f:J 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
vm ... 
4.780 
,~. 900 
5.720 
~j n 230 
4.540 
!5 .. :-3:50 
4.910 
4.340 
5.660 
5.480 
4.6'10 
4·.260 
~5 .. 24-0 
5.760 
5.260 
4. '7'iO 
5~920 
5~ 170 
SI-)MPLE 1. 
18 
~:;. 11 l.l11l j 
0.2421.86928:':; 
0.4921249113 
VALUE OF F 1.67335162 
WITH 27 AND 17 DEGREES OF FREEDOM 
SAMPLES REVERSED TO t'lAI<E F LARGER THI',N 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDOM· 
VALUE OF t (Separate variance) 9.894f351:l97 
WITH 27 AND 17 DEGREES OF FREEDOM 
VI~L. 
:;::. 110 
3.020 
3.290 
3 .. 670 
::::.740 
3 .. 130 
5 .. 060 
:J.440 
2 .. :;:~60 
::::.140 
3.180 
2.780 
5" 2~:i() 
4 .. 5f30 
:3 .. 520 
3 .. 1 ~70 
:3 .. 620 
:3 .. 390 
3 .. T70 
3 .. 380 
3. :300 
:''l.740 
2 .. 6L~O 
3.010 
3.550 
3 .. 270 
::::~ .. 4f:30 
SAMPLE 2. 
2B 
:3. LI·575 
0.40526::.,8889 
0.6366033999 
" 
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18. 8 LTA (cm2 ) 
OSS 
NO. 
1 
BPlt1PLE 1 .. Sl~MPLE 2. 
3 
4 
5 
6 
7 
8 
9 
10 
11. 
1"':~ 
13 
14 
15 
1,6 
17 
18 
19 
20 
21 
22 
24· 
NUMBER OF VALUES 
IVIEAN 
VAHH\~JCE 
STANDARD DEVIATION 
VI''' .... 
206.400 
191.600 
2~'::,O .. :2J)O 
195,,200 
216 .. "100 
191.. 600 
193.600 
190 .. 000 
234.600 
20B .. 700 
1'71.700 
19'J. '100 
229.200 
229 .. 000 
2ej:l.700 
214.100 
244.800 
21.£3.100 
SAI"IPLE 1. 
1£3 
21~5 .. 15 
3'1'2 .. ~50264B 
1'7.81167'759 
VALUE OF F 1.097514349 
WITH 27 AND 1'7 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
t~ I TH 44 DEGREES OF FREEDOt1 
8.6680'1"4318 
VALUE OF t (Separate variance) 8.75fl137517 
WITH 2'7 AND 17 DEGnEES Or: FREEDOM 
VAL. 
149.400 
156 .. 200 
154.100 
1"':0 .. 400 
180.300 
1.45 .. 200 
150.500 
202 .. 500 
155 .. 800 
125 .. 500 
160.400 
15E<.OOO 
1::::~·4 .. 700 
224 .. 1.00 
1f.l1 • HOO 
1,60. HOO 
1.53.800 
1. ::;7 .. 500 
154 .. ~jO() 
1 '71. 200 
154. '100 
l'70.00e> 
175.700 
131.. 400 
148.900 
1,55.300 
1.69.400 
1.60.900 
SA~'IPLE 2. 
2£3 
159.7392856 
430 .. T772Bfl 
20.7551749'7 
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18. 9 Subischial Height (cm) 
OBS SAt1PLE 1. SAt'1PLE 2. 
NO. 
1 
., 
k 
3 
4 
~ 
'"' 6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
1l>' 
20 
21 
"?'.) 
..:.. ... 
23 
24 
25 
26 
2'7 
28 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VI',L. 
80.600 
88.400 
86.200 
89.100 
87.600 
83.700 
82.500 
79.800 
95.200 
88.000 
85.400 
78.800 
89.000 
9"-.?QQ 
l:l:J.7Ull 
81.200 
8<'S~ ~;oo 
90.500 
SAi'IF'LE 1. 
18 
85.79999995 
17.40588234 
4.172035756 
VALUE OF F 1.135710439 
WITH 27 AND 17 DEGREES OF FREEDOM 
SAMPLES REVERSED TO M?\f<E F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDOM 
5.009315472 
VALUE OF t (Separate variance) 5.080570327 
WITH 27 AND 17 DEGREES OF FREEDOM 
VI-iL. 
76.500 
71. 800 
73.200 
78.800 
73.800 
80.200 
"18.500 
78.500 
77.500 
73.800 
78. ;:;00 
'74.4·00 
77.800 
85.'700 
82.500 
81.800 
81 7!,)O .. 
dJ. • 4l,U 
~>;'~H,l~at9 
87.800 
76.500 
74.900 
81.300 
76.600 
83.300 
79.000 
84.800 
89.800 
SArlPLE 2. 
28 
79.22857147 
19.76804227 
4.44612666 
18.10 Subischial Height / Stature (%) 
OBS 
1\10. 
1 
4 
5 
6 
"1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1"1 
18 
19 
20 
21 
22 
24 
25 
26 
2"1 
28 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
SAMPLE 1. 
VAL. 
45.900 
48.800 
47.800 
4'1.100 
49.000 
46.600 
4·6.600 
45 .. <":100 
49.400 
4-9.800 
47.700 
4·5.900 
47.700 
48.800 
47.600 
L~5. 800 
47.700 
48.700 
SAMPLE 1. 
18 
47.71111111 
1. 772810'~52 
1.331469283 
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SAMPLE 2. 
VAL. 
'1·6.500 
46.500 
46.000 
4"1.000 
45.100 
'1·8.800 
48.900 
47. 100 
46.500 
47.100 
48.400 
46.400 
48.300 
4·7.700 
48.000 
47.400 
48.200 
48.900 
47.600 
50.100 
47.900 
46.800 
48.100 
46.100 
48.300 
46.800 
49.200 
51.300 
SAI"'IPLE 2. 
28 
47.6"1857145 
1 • 7"75820094 
1.332599 
VALUE OF F 1.001697667 
WITH 2"1 AND 17 DEGREES OF FREEDOM 
SAMPLES REVERSED TO I"IAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDot1 
8.085226524E-2 
VALUE OF t (Separate variance) 8.086751233E-2 
WITH 27 AND 17 DEGREES OF FREEDO~1 
.. ' 
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18.11 Leg Fat (%) 
llElS 
ND. 
S?WIPl...E 1. l,?WIPL_E 2. 
1 
"' 
.,,-
c· 
•• J 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2j. 
22 
~,,!,. 
,,:.. . .) 
24 
"'~ ':: . ..J
26 
2'7 
28 
NUMBER OF VAL.UES 
l'1E?-)~1 
VI-\RIANCE 
STANDARD DEVIATION 
W\L. 
18.700 
11."000 
lij. .. 900 
20.800 
l6,,500 
lEI.900 
15~600 
17 .. 700 
16.:200 
15 .. 900 
26.400 
1.7.600 
14.700 
16 .. 500 
23 If ~.500 
:1.9 h !500 
lL~. 000 
10.800 
SAMPLE 1. 
18 
1. 7 • 177T1777 
1.5 .. O~:::1.24182 
3.8Tl01455 
VALUE OF F 5.616945708 
~~ITH 27 AND 17 DI~GREES OF FREEDOM 
SAMPLES REVEr:.:SED TO MAI<E F LAnGER THP,N 1 
VALUE OF t (Pooled variance) 
~JI TH 44 DEGF<EES DF FF<EEDOI'1 
6.303204633 
V~)LUE OF t (Separate vc,,-iance) 7.:;66230221 
WITH 27 P,NI> 17 DEGREES OF FREEDOM 
Vi.L. 
:34 .. 100 
20~OOO 
24.000 
17.000 
20 .. BOO 
1 :! .. '100 
34.300 
1.8. lOO 
34·" 900 
3:::~ .. ~:.;OO 
4/~ .. 900 
:~;:::;M 600 
41.400 
24·.900 
29 .. 700 
'lA .. 3()O 
40.800 
::::3.700 
35 .. 9(H) 
:32.300 
39 .. 400 
26.900 
113. ~:iOO 
41.000 
33.200 
31.100 
43 .. 000 
42 .. 000 
SAIVIF'LE 2. 
28 
~'1" 6:S2142f:J6 
84. 42'~6692:':; 
9. 18856186f:J 
" 
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18.12 WMP / Body Mass (W.kg- 1 ) 
OBS 
NI]. 
1 
St\I'1PLE 1. St,i"IF'LE 2. 
'0 
.,' 
3 
4 
6 
7 
B 
9 
10 
1J. 
12 
1 :::.~ 
1 Lf 
15 
16 
17 
lB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
NUMBER OF VALUES 
i"IEAN 
VARIANCE 
STANDARD DEVIATION 
lB 
EL. 860 
9.250. 
9" C::"lO 
8.700 
10.517'0 
8.980 
8.580 
8.8'10 
'1.010 
9 .. 570 
l:,)" l~)O 
'7. 190 
8.660 
9.560 
7 .. 8"70 
B .. 430 
9.290 
8.960 
9. 04944A4/~4 
0.3227702619 
0.5681287369 
VALUE OF F 1.915419696 
WITH 17 AND 27 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDOM 
10.12'701391 
VALUE OF t (Separate variance) 9.442050658 
,WITH 17 AND 27 DEGF(EES OF Ff'i:EEDOM 
7 .. 890 
7.:::::00 
7 .. 530 
7.610 
8.140 
7 .. :)70 
7.690 
7.240 
B.070 
b. E3bO 
7.860 
7" '140 
8.010 
7.360 
7.500 
7.610 
7 .. 3~50 
6.8BO 
B. FIO 
8. 'no 
1.6'70 
7 .. 2::~:O 
'1.1'lO 
7.810 
7.870 
7.490 
6.810 
7.420 
f3AI'lPLE 2" 
2B 
7.58821428';> 
0.16851150B3 
0 .. 4105015326 
., 
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18.13 WMP / LLV (W.I-l) 
ODS 
NO. 
1 
"P,i"iF'I.._E 1. S(·WIF'LE :2. 
2 
5 
6 
7 
B 
9 
10 
1l 
12 
1 :::.~ 
14 
15 
16 
17 
1f:1 
19 
20 
21 
... ) '-.~ 
..:....:.. 
23 
24 
25 
26 
27 
28 
NUI'1BER OF VI.\LUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VALur~ OF F 
VAt... 
96.100 
fll.900 
83.400 
CIO. LJ·()O 
110.300 
8C':.900 
85.4·00 
97. ',00 
96.000 
89.200 
96.000 
101...100 
91.900 
f:19.900 
84.200 
9,:;.600 
1'16.700 
fl'1.400 
"AMPLE 1. 
If:1 
91.67222226 
5~5. f:12565367 
'7 • ::::::'~65cibf3T'.; 
WITH 27 AND 17 DEGREES OF FREEDOM 
SAMPL.ES REVEHSED TO MI-If(E F LAr"lGEf, rHi~N 1 
VALUE OF t (Pooled variance) 
WITH 44 DEGREES OF FREEDOM 
2.01217925 
VALUE OF t (Separ-ate variance) 2.209902f:161 
. WITH 27 AND 17 DEGF:EES OF FREEDOM 
VAL. 
09.100 
75.900 
79.200 
67.200 
04.400 
69.600 
93.100 
64·" BOO 
92.900 
'70.700 
l05.400 
91.BOO 
10:$.600 
71. flOO 
74 .. 200 
98.500 
89. 100 
7:5.600 
90.000 
92.300 
91 .. 100 
'74 .. 300 
70.200 
97. EIOO 
98.700 
82 .. f:100 
90.100 
92.f:100 
f3Ar1PLE 2. 
28 
85 .. 5~;571433 
132.1720107 
ll.49660I:J66 
18.14 WMP / LULV (W.l-l) 
OBS 
NO. 
1 
3 
6 
7 
8 
9 
10 
11 
j"> 
1 ~:; 
14 
15 
16 
17 
HI 
19 
20 
21 
22 
25 
26 
27 
28 
NUMBER OF VALUES 
t1EAI'J 
VAI:~ lANCE 
STANDARD DEVIATION 
SAI'1PLE 1. 
VAL. 
14:1..200 
12'1·.900 
128 .. 400 
~. 2f:i .. ~;OO 
1"73 .. f300 
120 .. 600 
1:50. ~:OO 
1A4.800 
142.700 
12'5 .. (:100 
138.300 
159. l~·OO 
1 :3:9. "700 
1~$2. 000 
135 .. £"100 
1:38.100 
:1.24.500 
1 ~$5 .. ~~OO 
SAI'1PLE 1. 
18 
1::~:6. 87"17"778 
170. :308f388'1 
13.05024lJ·"7B 
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SA:"IF'LE 2 .. 
V(~L~ 
1:57. ;",00 
11L1·.200 
1 U3. 700 
96 .. 200 
:l24.900 
10:'.8C'O 
1:54.000 
93.700 
1:-$7 .. ~.300 
1.4~5R 500 
155 .. 600 
142 .. 500 
161.200 
107.700 
110.·100 
153.000 
151 .. 300 
j.15R 500 
135 .. 200 
lA6.100 
133.600 
114."700 
110.900 
155. ~300 
162.700 
1.24·.900 
154. 100 
149. :500 
S~)MPLE ~,. 
. 28 
1::.1.714285"7 
415. 99~31222 
20 .. 39590 1745 
VALUE OF F 2.442580214 
"11TH 2"7 AND 17 DEGREEi3 OF FREEDO!'1 
SAI'1F'LES F:EVERSED TO I"IAKE F L.AHGER TH,o,N 1 
VALUE OF t (Pooled variance) 
WITH LlA DEGF~EES OF FF<EEDOM 
VAL.UE OF t (Separate variance) 1.047068512 
L~ I TH 27 ?\ND 17 DEGf,EES DF FnEF,'.:DOM 
" 
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18.15 WMP I LTA (W.cm- 2 ) 
OBS 
NO. 
1 
2 
SIWIPLE 1. SAMPLE 2. 
5 
6 
7 
8 
CJ 
10 
11 
12 
1 :::.~ 
14 
15 
16 
17 
10 
lCJ 
20 
21 
.... " .. , 
..::...:-
23 
24· 
25 
NUMBEH OF VALUES 
l'1EAN 
W\F<IANCE 
STANDARD DEVIATION 
VI<L. 
3.270 
:3. 190 
3~ 190 
3 .. '~·.f.tO 
::,. 640 
:~; .. 370 
3.310 
:3. :;: 1.0 
:3: .. 440 
:5. :JOO 
~$. 590 
~:; ~ 400 
5.190 
3.3:;::0 
2.B50 
3 .. 010 
:'.5.200 
SI~i"IPLE 1. 
18 
3.2'7166666'7 
:3 .. 2955B824·2E-2 
0.1fl15:;:'7551 
VALUE OF F 3.473201922 
WITH 2'7 AND 17 DEGREES OF FHEEDOM 
SI.MPLEf3 HEVEF<SED TO I"II~I<E F LAHGER THI.N 1 
VALUE OF t (Pooled variance) 
l~ ITH 4'. DEf3HEEf:> OF FHEEDDI'1 
5 .. 23(.7525793 
VALUE OF t (Separate variance) 5.926546374 
WITH 27 AND 17 DEGHEEf:> OF FREEDOM 
VP:L. 
2.860 
2 .. 210 
2.540 
2.710 
2 .. ~.59() 
2. :380 
2.7-BO 
2.34·0 
::;:.040 
2 .. 580 
3.040 
2.870 
2.530 
2.7BO 
~3. 350 
3.110 
2n650 
2.960 
3 .. 220 
2,,920 
2.230 
2. ~560 
~5" 1.20 
3.290 
2.B50 
2.9"/0 
~3 .. 230 
S(411fIF'LE 2 .. 
28 
2. 81 ~5'714·28~5 
O. 1144·62'j·341 
0 .. 3383229731 
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Appendix 19 
Confirmation of the linearity of the relationship between 
mean power output during the Wingate Anaerobic Test and the 
anthropometric indices of the lower limb in men 
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19. 1 LLV 
PEArmm,! PHODUCT j'10MENT COR;:;:EU\ T 1 ON COEFF I C r Hrf 
***************************~.******~*********** 
0:13:::) V (':)F( ~ X. V~~J~~" y" 
~:O. 
1 
4 
~' 
.J 
6 
7 
B 
10 
11 
12 
13 
14 
15 
16 
1.7 
,18 
LL.V 
7 .. 0::::0 
1 .. 4'70 
8. EIOO 
7 .. 41~·O 
7. 160 
7 .. b90 
"7 ~ ~500 
6. 4'30 
8.<flO 
7. T:SO 
6. 'lOO 
6.720 
'1.970 
8.460 
8.4'10 
6.910 
8 .. ~7jOO 
7.820 
NUMBER OF DATA PAIRS 18 
LLV 
ME!~N 7. 622777781 
STANDARD DEVIATION 0.711417851 
PPO 
6'7~j .. 000 
612. 000 
1:~;'f. 000 
672.000 
789.000 
6i~5M 000 
640. 000 
6:'29 .. 000 
808. 000 
689.000 
f:,4'i.OOO 
6"7(.7 .. 000 
7c)~,:. 000 
760.000 
713 .. 000 
~"'> 1.000 
"7:";7. O()O 
6'ifJ.000 
PPO 
695 .. 7222223 
:-35 .. 34'788962 
CmlRELAT 1 01\1 CIJEFF I C I ENT O. 601 B2135El86 
L~ ITH 16 DEGF:EES OF FF:EEDOM 
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19. 1 Continued ••• 
REGRESSION LINE PPO (V) ON LLV (X) 
Y = 46.82190956 X + 338.8092105 
[lDS] VN""(. X VI-IF:. Y CI",U:. HESIDU(~L 
NO. LLV PPO Y.- V. 
1. 7 .. ():$O 6 "It.:j,, 000 667"',,,7 7. O:3;~~ 
:2 '7 .4"70 612,,000 68B.56'1 -"76~ ~S6~-t 
-:r 
"-' 
8.800 734.000 750 .. 842 -16" ~H2 
4 7.440 672.000 687. 164 .~ .-.I. .. .J .. 164 
~S 7. 160 7a tr.000 674.054 1 J.lj_:, ';>40" 
'" 
7 .. 690 6LI·~::j R 000 698" EFO -5~$. f370 
"7 '7"500 640,,000 68'1.'174 -A '1 • '17 LI_ 
B 6 .. .c"~3:0 629ROOO 6:38.874 -10.B74 
') 8. 410 BOFi.OOO "73:·~ .. 581 7~5 .. 1.!·19 
10 "7. T:~;O 6139.000 700. }'I-:'; --l:l. ""/ i.j.:~:. 
1 1. 6. 700 649.000 Cl :'5:2" !:j 1. 1.:, -:3.516 
1'" 6 .. 720 67'1.000 clS:3" 452 2::5.51.)·8 
:1.:3 7. ';>70 732 .. 000 71.1.980 20.020 
11.1- B. 460 760.000 ~l:~:;.q. .. 92:~~ 2~5~ 0'7"7 
1 ~5 8.470 71:3.000 ·7~S5 .. ~;91 -2:2" ~'::;91 
16 6.'110 661..000 662.349 -1 .. 349 
l.7 B .. ~iOO 7::-:';7 .. 000 736"795 0.205 
18 7.K~O 6',9. 000 704.9:57 ·-~S .. 957 
8UI'1 OF SC;:UI~HES OF RES 1 DUALS 3:S:;;~ 15.22272 
Sl(-\NDAFW EFmOF( OF ESTIMATE 4::,.5626099 
19. 1 Continued ... 
Oata fila WMLLV 18 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
v - 1171.321311 
+ X * -173.1774908 
+ X-2 * 14.41492198 
X Observed Y 
'7" 0:3:0 6 7::'i" 000 
7.470 612 .. 000 
8.800 734~OOO 
7.4.'-1-0 672.000 
7. 160 789,,000 
'7.690 64·~5. 00'0 
'7 .. ::';00 640.000 
6.430 629.000 
8.410 808.000 
.7 .. "730 6fl9.000 
6.700 649.000 
6 .. 720 67''I.OO() 
7.970 732.000 
fl.460 760.000 
8.470 713.000 
6,,910 66l. .. 000 
E~. 500 737.000 
7.820 69'1.000 
666" 2Ei2 
6.82 .. 051 
680.799 
670. ~:bO 
692 .. 029 
6:3:,). :329 
6~:;3" 774 
7:34 .. 439 
6(;>:"::; .. 99:3 
<')~:il3. 1, 18 
\~58" 52::-::; 
706.7'16 
T37. '1:5'1 
7:58. 6/f 7 
6.:S2" 9~:jO 
7'fO" 791, 
6(';18 .. 580 
Root mean square error = 42.464 
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19. 1 Continued ... 
Data file WMLLV 18 data pairs 
order 3 polynomial regression 
Polyrlomial fitted is " 
y.- -492.3902411 
+ X * 490.263739 
+ XA 2 * -73.30881619 
+ XA 3 * 3~8462663i8 
X ObSE~I'NVt-:·::-d V 
"7 .. 0;'::;0 
7.470 
O.UOO 
7. '1AO 
7.160 
7.6'10 
7 .. 500 
6.4::m 
[:1.410 
7.730 
6.700 
6.720 
7.9'70 
8.460 
B.470 
6.910 
8.500 
7 .. 8:;20 
675 .. 000 
612.000 
7;54 .. 000 
672.000 
7Blf.OOO 
64·5.000 
640. ()OO 
629 .. 000 
B08.000 
689.000 
649.000 
679.000 
T32.000 
760.000 
713.000 
661. 000 
737.000 
1..,99 ~ 000 
667 .. ,(H~O 
68::::·:. 1.1. ::~; :,-;?, 
766~019 
681. :t76 
671.495 
691 .. 655 
~)(-3:::::'. 610 
6:01.5FJ1 
733 .. 583 
693.1186 
658 .. 359 
658.878 
"70:5 .. ::;8'7 
737. :J:LO 
738.069 
664.010 
'740. :378 
697. '79:2 
Root mean square error - 42.451 
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.19. 1 Continued ... 
Data file WMLLV 18 data pairs 
ord~~ 4 polynomial regl~ession 
Polynomial fitted is --
v - -42607.08606 
+ X * 23105.92239 
+ XA 2 * -4610.33477 
+ X'· ... :::.~ .!(- 406 .. B426891.1· 
+ XA 4 * -13.37253096 
X Observed V 
7 .. 030 675.000 
'7.4'70 61::2.000 
8.800 734 .. 000 
7.440 672.000 
7. 1.60 789.000 
7.690 64~5. 000 
7.500 b·40 .. 000 
6 .. 4:30 62'7'" 000 
8.'+10 80[,.000 
7. 7:'>0 689.000 
6.700 649 .. 000 
6.720 679.000 
'7.970 732,,000 
8.460 760.000 
f:1.470 713.000 
6.910 661. .000 
fJ It ~100 7::';7.000 
7.820 699.000 
h68 .. 16:5 
6BO .. OBO 
758 .. 160 
67f3.9T7 
670 .. 9::~3 
6f19.85:::: 
t·8! .. 2~57 
649. ~,1~6 
7:37.'1·16 
691.952 
660.745 
661. :513 
706" t~:?~:3 
740.7:36 
741.44·5 
b6~5 It 75::~; 
'7/l3. :'$06 
697.022 
Root mean square error - 41.312 
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19. 1 Continued ... 
Data fila WMLLV 18 data pairs 
order 5 polynomial regression 
Polynomial fitted is . 
Y - -49673.36449 
+ X * 31721.45506 
.~ XA 2 * -7912.862461 
+ X~3 * 974.9322689 
+ XA 4 * -59~26108105 
+ XA 5 * 1~422194861 
X Observed Y PI"edi ct",d Y 
'7. O~;O 
7.470 
8.ElOO 
7.440 
7. 160 
7.690 
7.500 
6.4·30 
8.410 
7.730 
6.700 
6 .. 7~20 
'7 .. 970 
B. 1~60 
8.470 
6.910 
fJ.500 
?El20 
675.000 
612.000 
T5'1·" 000 
672.00(:-
7E19.000 
645.000 
640"000 
629.000 
El08.000 
689.000 
649.000 
6"7'1.000 
732MOOO 
760.000 
713.000 
661.000 
'7':':..;7.000 
69':.000 
666.02'7 
6E1!). B/I8 
760 .. 22:~ 
679.56LJ· 
669.546 
69 L4"!l. 
6[32. 1.72 
65:::;; .. 63~j 
736.129 
693.617 
6~j9 .. 2:::::1 
fJ59 .. (~)OO 
707.628 
739. ~;8::"; 
740.031 
6i:1:3 .. 292 
741 .. 96~'l 
69B.658 
Root mean square error ~ 42~050 
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19. 1 Continued ... 
Data file WMLLV 18 data pairs 
order 6 polynomial regression 
Polynomial fitted is . 
v = -107921.9424 
+ X * 41623.21759 
+ XA 2 * -4595.440/~43 
+ XA 3 * 194.9760957 
+ XA 4 * -57~55643134 
+ XA 5 * 10"20107793 
+ X"6 
* 
-0.4905575996 
X ObSE\rVt~d V Predi.ctc,d 
7.030 675.000 6D2~ 91'7 
7. ·170 612.000 669.674 
8.800 7:::'~4. 000 725.453 
7.440 672.000 66c;. (345 
7. 160 789.000 6'78. 1'n 
7.690 645.000 675.248 
7.500 640.000 66'-7.707 
6.430 629.000 618.708 
8.4·10 808.000 75~5. 088 
7.7::';0 689.000 677.66::; 
6.700 649.000 675.496 
6.720 679.000 677 .. :3'-70 
7.970 732 .. 000 700.691 
8.4·60 760.000 7~=;8 .. 415 
8.470 713.000 75(3.916 
6.91.0 661.000 6(34. (37 El 
8.500 737.000 760.047 
7.H20 699.000 6~34 .. 675 
Hoot mean squarf.:.z. E::orror = 37 .. 770 
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19. 1 Summary 
Deviations from linear 
" 11 2 
Reduction 
Deviations from linear 
11 " 3 
Reduction 
Deviations from linear 
" I1 4 
Reduction 
Deviations from linear 
" h 5 
Reduction 
Deviations from linear 
tI .. 6 
Reduction 
D of F 
16 
15 
1 
16 
14 
1 
16 
13 
1 
16 
12 
1 
16 
11 
1 
SS 
33,215 
32,457 
758 
33,215 
32,438 
777 
33,215 
30,720 
2,495 
33,215 
31,828 
387 
33,215 
25,678 
7,537 
All values of F not significant (p > 0.05) 
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MS "F" 
2,164 
758 0.350 
2,317 
777 0.335 
2,363 
2,495 1.056 
2,652 
387 0.146 
2,334 
7,537 3.229 
page 481 
19. 2 LULV 
PEARS ON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. ULLV WMPO 
1 
3 
4 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
4. 780 
4.900 
5.720 
5.230 
4.540 
5.350 
4.910 
4. 340 
-
~. 660 
5.480 
4.690 
4.260 
-
-'" 
240 
5.760 
5.260 
4.790 
5.920 
-
~. 1'7() 
NUMBER OF DATA PAIRS 18 
675.000 
612.000 
734.000 
672.000 
789.000 
'645.000 
640.000 
629~OOO 
808.000 
689.000 
649.000 
679.000 
732. 000 
760.000 
713.000 
661.000 
737.000 
699~OOO 
ULLV WMPO 
MEAN 5.111111112 695"7222223 
STANDARD DEVIATION 0.4921249114 55.34788962 
CORRELATION COEFFICIENT 0.4946267162 
WITH 16 DEGREES OF FREEDOM 
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19.·2 Continued ... 
REGRESS ION LX NE eJl'1F'D (V) ON ULLV (X) 
------------------------------------
Y = 55.6292605 X + 411.3948909 
OBB wm.x VI\I'<. y CI'LC. F:ES I DU:-;L 
NO. U I.,. l..V e!l'lF'CI V. Y. 
1 Lj.,,7HO 675~OOO 677.30::::' ~~2 ~ :~:;O:5 
2 4·. "lOO 612.000 68:2 ... 978 '-''71 .. 97B 
., 
",. 5 .. 720 7::-:::4· .. 00U 729 ~ t"j94 4. 406 
4 ~:). 2:30 672. (H)O 702. 3~$6 -30 .. ::~;~'::'6 
5 4 .. 540 789.000 663.952 125.(;48 
6 5 .. ~;~jO 64~S. 000 '709.011 -6'L O:ll 
7 4.910 640.000 684.535 -4'1- .. ~5~~:;5 
8 ..:'\." ~'::;l~·O 629.000 t:;.:"52" 826 --2:3: .. 8:2,~) 
'1 5.660 BOtl.OOO 72,~. 2:57 8L 74:5 
10 5 .. 480 689.000 716.2'n -·27 " :~~Lj.~$ 
1l. 11 • .690 649.000 672.296 -2:3:.296 
1" .~ 4 .. 260 679.000 6'H>.376 ~$O. 624· 
j , .. 
"-' 
~::j .. :'240 7:::::2 .. 000 702 .. Ejcp2 29 .. 108 
1/~. 5 .. 760 760.000 731.819 28. 1Ell 
15 5 .. 260 713.000 7'04-ft 005 8 .. 99~:; 
16 4· .. 790 661.000 67"7 .. 859 -16 .. 8:"59 
l.7 5 .. 920 737.000 740.720 -"~~:. .. 7:20 
18 5. 1'70 69"1.000 698. 'i98 0.002 
STANDARD ERf,or, OF r~r;;TI MiHE 49. ~3i:l3~Y~f3'13 
19. 2 Continued ..• 
Dat. file WMULLV 18 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
Y = 2201.8:'>:721'1 
+ X * -653.8918765 
+ XA 2 * 69~67159405 
X Observed Y 
4.780 6'75 .. 000 
4.900 61:~. 000 
5.'7:20 7:":4. 000 
5 .. ~~:::30 1:.)72 .. 000 
4 .. 540 789.000 
5.350 64·5.000 
4.9:1.0 64·0.000 
4 .. :~:40 629.000 
5 .. 660 808.000 
5.480 6e<,.000 
4.690 649.000 
4.2C)O 67'l.OOO 
5.24·0 732.000 
5 .. 760 760.000 
~:.s .. 2t':>0 '713 .. 000 
l~. 790 ~)61. 000 
5.920 7'3:7.000 
5. 170 69'l.OOO 
[,'redi ctf~d Y 
6613.1 :1.'1 
670 .. 582 
71.J-l~1.19 
61'37 .. '70~!, 
6b9 .. 21~. 
697.6';>1 
670.878 
6 ::r 6 .. 25:::;; 
732.781 
7J.0.7'76 
667. :)88 
6GO.630 
68E~. 45S' 
746 .. 956 
690.012 
668.247 
772. 5:::'~6 
68:::;.461 
Root mean squi: ... t-e error -- 43.919 
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19. 2 Continued ... 
Data file WMULLV 18 data pairs 
order 3 polynamia:L regression 
Polynomial fitted is :-
Y - 4619.932775 
+ X * -2099.351041 
+ X~? * 355.9396427 
+ X~'3 * -18~78568289 
X Observed Y 
4.7BO 
4.900 
5 .. K720 
~5. 2:::'~O 
4.54·0 
5.350 
4.910 
4.340 
5:660 
5.4<'30 
4.690 
4.260 
!:j .. 240 
5.760 
5.2c)0 
4·. 7'70 
5.920 
5.1"10 
675.000 
612.000 
734.000 
672.000 
7B'i.OOO 
645.000 
6·1·0.000 
629.000 
BOB.OO!) 
687.000 
6'1·9.000 
679.000 
732.000 
760.000 
71.:L 000 
661.000 
737.000 
699.000 
I,:',...",di cted Y 
666,('01 
f~6'? 1 07 
'741.6'14 
68B.'110 
667.463 
699.620 
66'1" 47:2 
677.42:2 
73'1.098 
713.00:'5 
~.)65. 297 
683.84'1 
689.738 
746.894 
691.,,43:2 
666.167 
768.624 
684.199 
Hoot me,'3n square error == 4~5. 876 
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19. 2 Continued ••. 
Data fils WMULLV 18 data pairs 
order 4 polyrlomial regression 
Polynomial fitted is .. 
y - -78766.55804 
+ X * 64738.71075 
+ XA 2 * -19646.21925 
+ XA 3 * 2630»046962 
+ XA 4 * -130~9754777 
X Observed Y 
4· .. 7c10 
4.900 
5.720 
5 .. 2~::'O 
4 .. 5/~·O 
~.s .. 3~7jO 
4.910 
4. :,4·0 
5.660 
5.4·00 
4 .. 690 
4.26:)0 
5.240 
5.760 
~). 260 
4.790 
5 .. 920 
5.1"10 
675.000 
612 .. 000 
734·" 000 
672 .. 000 
78i"~ .. 000 
64~~:j. 000 
6 IW.OOO 
62'1.000 
80B .. OOO 
689.000 
iS49.000 
67"1.000 
732 .. 000 
760.000 
7L3.000 
661..000 
737.000 
699.000 
Prf.?dicted Y 
66,;. tAl 
665 .. tY39 
748n895 
t.~8:5. ::569 
67"1. EnO 
700.378 
66~j. 16';; 
680.807 
742 .. 703 
71f3.670 
668.2711 
67'1. 1fT, 
686.685 
7;52 .. 14~j 
688 .. 988 
665 • .£1.51 
754.874 
6"19.416 
Root mean square error - 41.936 
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19. 2 Continued ••• 
Data file WMULLV 18 data pairs 
order 5 polynomial regression 
Polynomial fitted is . 
Y - -54465.07718 
+ X * 42894.89999 
+ 
-I-
+ 
X .~~'") 
X .. ,~:::; 
X····'4 
oH, -j, lt7~50 .. l0';;)/J,1 
·H· 1296 n 0::52219 
.jf -n·18 .. '7 L-S(~3634~) 
+ XA 5 * -3.646887308 
X Observed Y 
4.7BO t:175 .. 000 
It. 900 612.000 
~j. 720 734 .. 000 
5 .. 230 672.000 
4.540 709.000 
~::i .. ~3~50 64~5 .. 000 
4.910 640.000 
Ij • :540 629.000 
5.660 BOB. 000 
c".4BO 6B'l. 000 
4·.6'iO 649.000 
4.260 67'1.000 
5 .. 240 732 .. 000 
5.760 760.000 
5.260 713.000 
4.790 661.000 
5 .. 920 737.000 
~ 
;:). 170 699.000 
66~.5 .. Bt34 
66~5. 807 
747. BT! 
685. 9~:'i5 
67:'.;.751 
700.0'7'6 
66~::;. 967 
680.12:5 
741.415 
717.671 
667.9G8 
679. 96 ft 
687.021 
751 .. 452 
6139.221 
66:5" 747 
751.000 
680.06:5 
Root mean square error - 42N184 
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19. 2 Continued ... 
Oat. fila WMULLV 18 data pairs 
o~der 6 polynomial regr~ssion 
Polynomial fitted is " 
y = -103277.3985 
+ X • * 57229.26498 
+ XA 2 * -8647.996937 
+ X "~'3 -H. 720 .. 15382:::::9 
+ XA 4 * -424.2269882 
+ XA 5 * 101.7634478 
+ X····6 
* 
-6.9698:.':.0558 
X fJbSE?rved Y 
~~. 780 6nl.000 
4.900 612.000 
5. 7::~O 7~54 .. 000 
~::; .. 230 672.000 
4. 5/~O '789.000 
~j. ~':::50 64~j. 000 
4.910 640.000 
4·. :540 629.000 
5 .. 660 1308.000 
:'5.480 689.000 
4.6'10 649.000 
4.260 679.000 
~S" 240 7::~2" 000 
~5 .. 760 760.000 
5.260 713.000 
L~. 790 f.,61..000 
~5 .. 920 737.000 
~ 
c;J. 170' 6')9.0(10 
Pn"d i c:'ted 
674.0::26 
f..)59 .. 68("' 
772.4'7"7 
669. ~3.q·9 
'702.02::; 
6~;\4 .. 020 
658.776 
684. 155 
767.514 
"727.885 
686.646 
6~54 .. 854 
671.02') 
7'71.76:':; 
674.613 
672.654· 
7::;~O. :i04 
660.,)41. 
Root nlean square error = 40.457 
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19. 2 Summary 
Deviations from linear 
11 " 2 
Reduction 
Deviations from linear 
" " 3 
Reduction 
Deviations from linear 
" 4 
Reduction 
Deviations from linear 
11 11 5 
Reduction 
Deviations from linear 
11 11 6 
Reduction 
D of F 
16 
15 
1 
16 
14 
1 
16 
13 
1 
16 
12 
1 
16 
11 
1 
SS 
39,337 
34,720 
4,617 
39,337 
34,652 
4,685 
39,337 
31,655 
7,482 
39,337 
32,030 
7,307 
39,337 
29,462 
9,875 
All values of F not significant (p > 0.05) 
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MS 11 Fit 
2,315 
4,617 1. 994 
2,475 
4,685 1. 893 
2,435 
7,482 3.073 
2,669 
7,307 2.738 
2,678 
9,875 3.687 
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19. 3 LTA 
F'EP,R!:;UI\I PI:~ODLJCT I'1CI"IEHT CiJnF~ELi".r I ON CDEFF I C 1 ENT 
************.~********************************* 
ODS W\H. X. VI',F(. Y. 
NO. LTA WMPO 
1 
."' . :.
4 
::j 
6 
7 
8 
'7 
1.0 
1 1. 
1 ':, 
1 ~; 
14 
1 ~5 
16 
17 
1B 
206.4-00 
1'7:1..600 
2::::;0 ~ :~~OO 
19".200 
2l.6.700 
191. ~,OO. 
192':.600 
190.000 
2:34.600 
20B.700 
191.700 
19'7. tWO 
2:'29.200 
229 .. 000 
251 ~ 700 
214.100 
2l~·4 .. BOO 
218.100 
NUMDEP OF DI, T?\ PA I H!3 
LTA 
1f3 
MEAN 213 .. 1500001 
SHll\lDl',F(D DEVIATION 1 Cl. 81.16795L', 
675 .. 000 
61.2.000 
7:-$1.1· .. 000 
672.000 
789 .. 000 
6Lt·~';:j" 000 
640.000 
629.000 
BOB .. 00',) 
6(')9.000 
649 .. 000 
679.000 
?::~;2 .. OUO 
760.000 
713.000 
661.000 
7:::::7 .. 000 
699 .. 000 
I;JlvlPO 
695. 722222:~:: 
55. 3 /.j. 788962 
COHRELATION COEFFICIENT 0.7677528B72 
WITH 16 DEGREES OF FHEEDOM 
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19. 3 Continued ... 
REGRESSION LINE WMPO (YI ON LTA (X) 
Y :-.::: 2.144871259 X + 238 .. 5429132 
OBS Vt-IF: .. X VAH.Y CALC~ RESH1U,<,\i. 
NO. L.T!\ lIlMP[J Y. V .. 
1. 206 ...... 1-00 675,,000 t:)81 .. 244 -6.244 
2 191- 600 612 .. 000 649" ~;oo -·:::::7 .. ~:100 
.~~ 
'-' 
230 .. 300 "1;54 .. 000 7:32 .. 507 1 .49:::; 
'I· l.cnS .. 200 672.000 6::;7" 222 14. Tin 
\::' 
,J 21 t.)., 700 71:.19.000 70~S .. :~:::::'7 B~'). 66:3 
6 191 .. 600 64:5 .. 000 6 !.t. 9 " ~.500 .'-4. ~:;oo 
"1 19:5.600 t.AO.OOO 6~53 .. 790 -l.~::' .. '790 
8 1 ,~(). 000 ~)29 .. 000 646.068 -1'!.06B 
9 2::'54 .. 600 !':IOO .. 000 74].'730 6/:.) .. ::~~70 
10 208 .. '700 68'1.000 686. 17B 2 .. B22 
11. 1'11. 700 cA9.000 649.715 -0 .. 715 
1 '" 1.'19.400 6"79 .. OCIO 666. 2:$0 12 .. 77D 
1 ~3 229 .. 200 732.000 730.·jA7 1 .. f:35~3 
14 229 .. 000 760.000 72'7.71B 30.282 
1. ~5 251 .. 700 71:~;. 000 77(3. "·07 -6:5. LJ.O} 
l.6 214 .. 100 661. .000 697. 760 -:::'6.760 
1.7 2LJ.4 .. BOO '7::,; 7 • () () () 763.607 ,-,26.607 
18 218. 100 699,,000 706 .. ::;::::::'9 -7. :::':;~:;9 
SUM OF SQUARES OF RESIDUALS 21380.74985 
STANDARD ERROR OF ESTIMATE 36.55539449 
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19. 3 Continued ..• 
Data fila WMLTA 18 data pairs 
order 2 polynomial regression 
Polynomial fitted is .. 
y - -2425~514063 
+ X * 26~8820732 
+ XA 2 * -5.69535257~E-2 
x 
206. ·'t00 67::5.000 {~96 .. b71 
1 ~?1. 600 612.000 634 .. 2S)~5 
2:::::0" ~~;OO 7:';'/1.000 744.7:,:1 
19~5 .. ~.::~OO h72 .. 0;)0 ,,51. 76/~ 
216. 700 789.000 7"25" :3~.57 
191- 600 6'l~:i .. 000 634. :2(?~) 
193. 600 61.1·0.000 (::'1.j.4~ 18~? 
1';\0 .. 000 62<~" 000 626 .. O::-jB 
234 .. 600 80B .. OOO 746. 460 
208.700 689.000 704 • 1 t"IO;,,~ ..... ,J 
191.700 64"i.000 6:.04. BO 1 
l';><;>. Ij·OO 679.000 670. :219 
229 .. 200 732.000 7·'}c;. • '7'::~~8 
229.000 760.000 7 /13.781 
251 .. 700 713 .. 000 732.533 
214. lOO 661.000 719,,256 
244·,800 737,,000 '742. 16:l 
218. 100 69cl.000 72B. :32:3 
Root mean square error - 28"909 
19. 3 Continued ... 
D~ta file WMLTA 18 data pairs 
ordar 3 polynomial regression 
PolY~Qnlial fi'tted is :-
Y - 18158.13666 
+ X * -256.523019 
+ XA 2 • 1.237311309 
+ XA 3 * -1.960678273E-3 
\ 
X Observed Y Pr'edict~d Y 
206.400 
191.600 
230. ~::.OO 
195n200 
2:16.'700 
191.600 
193.600 
1 ';>0.000 
2:34.600 
208.700 
191."100 
199.400 
229.200 
22(.,,, 000 
2:::il" ~700 
214.100 
244.800 
218.100 
6'75 .. 000 
612.000 
73'1·.000 
672~O()O 
789.000 
645 .. 000 
640.000 
629.000 
80B.OOO 
689.000 
{A9" 000 
6"7''1.000 
732.000 
760.000 
71::;" 000 
661.000 
"737.000 
699.000 
682 .. ~508 
6Y;>.810 
756 .. 4·72 
C:)·4'7 .. 20:::;' 
720. :':.,)1 <"7 
639.810 
643 .. 5',">9 
6:~~i"' .1.1·09 
760 .. 212 
691.023 
639.9'79 
6~)8. 709 
754.781 
754.444 
71:3" 716 
Ill. 16~) 
746 .. 282 
725.360 
Root mean square error- .- 2"7.263 
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19. 3 Continued ... 
Data file WMLTA 18 d~ta pairs 
order 4 polynomial regression 
Polynomial fitted is :-
Y -- 15f:l91. ():3728 
+ X * -215.5350442 
+ 'X A 2 * 0.9603924127 
+ XA 3 * -1. 132019063E-3 
+ XA 4 * -9.267728331E-7 
X Obsel:-y£·?d Y Pl"'edi ctE·~d Y 
206.4·()O 
191.600 
230. ~;:OO 
195 .. 200 
21.6.700 
191.600 
193.600 
1 ',0. 000 
2:~)L~ .. bOO 
208.700 
191.700 
199.400 
229 .. 200 
229 .. 000 
251. 'lOO 
214.100 
2'+4.800 
21.8.100 
67:5.000 
612.000 
734.000 
672.000 
'78'?000 
6f}5~ 000 
6'H).000 
629.000 
80B.OOO 
689.000 
64'~. 000 
679.000 
'7~52 .. 000 
760.000 
71.3.000 
661..0UO 
7:,7.000 
699.000 
6&32 .. b:36 
639 .. '7::i5 
756.40[, 
64·'/. :306 
'720 .. 477 
,-S:3;9 .. 7~35 
643 .. 6!~·6 
6~$7 .. 247 
760.1.99 
6'l1.1n 
639.930 
t.)58 .. BB4 
"7~:; I)... 7 0 ~:i 
7~if!. .. 3,~.)7 
'713.728 
711 . 162 
746. ::<:83 
725.:~Ol 
Root mean sqllare error - 27 .. 249 
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19. 3 Continued ••. 
Oata file WMLTA 18 data pairs 
o~dar 5 polynomial regression 
Polynomial fitted is :-
y "" .. 7144:l.'79::;1~3 
+ X * -935.2448165 
+ XA 2 * 2.497514165 
4· XA 3 * 1.4'73491385E-2 
+ X· .... 4 ~. _.f::1'. 86521622~)E·-5 
+ XA 5 * 1.260161582E-7 
X Obser'ved Y Pl"'c~d i ctE~d 
~,206" 400 67~)~ 000 679~ :":i32 
19L 600 612. 000 641" 163 
2:-3/) .. 300 731.1·.000 757. l.16 
19~L. 200 6"12.000 642 .. (·i66 
216.700 78'7'.000 724. 130 
1.91- 600 64::i .. 000 1.,'11. 1,6:; 
19:3 .. 600 6f.J·0.OOO 641.. :'514 
1.90.000 629 .. 000 642 .. 777 
2:0:4 .. 600 808"OOp '7~Y7 • :34t1 
208. "700 689.000 689.606 
191.700 649.000 641. 115 
1.99. L~OO 0.,79. 000 6<'::::") ':::-ll';:'~ ........ ~" .. ...,J " •• J 
229.200 73~'. 000 '7:-36.221 
22';>.000 760. 000 756" 021. 
~:~=j 1 " 700 713.000. 71";.96'1 
214. 100 661.000 713.508 
24'i .. BOO ],,:S7.000 7:~;9 .. 2Lj·2 
21f-3. 100 69',.000 7:~'1. 43ft 
Root mean square err"or ~ 28.191 
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Y 
19. 3 Continued ... 
D~ta file WMLTA 18 data pairs 
order 6 polynomial regression 
Polynomial fitted is ,-
Y - 70856.17767 
+ X ~. -923N202348 
+ XA 2 * 2.429167842 
+ XA 3 * IN45875129E-2 
+ X~4 * -8.573858355E-5 
+ X~5 * 1"154548952E-7 
+ XA 6 * ln262531878E-l1 
X Gbr::;r,::r-ved Y PI,NElc'1i ctE.\d 
206" 400 67~5.GOO 679. :365 
191.600 6l.2MOOO 641 . . 16(" 
2:30 .. ~5('O T:~;4, .. 000 '7~57 .. 1. t5 
195.200 672.000 642.9::>8 
216 .. 700 7<39.000 724. 16C} 
191. 600 6Lj·5.000 6 tH. 168 
193. 600 640.000 641 .. 298 
190.000 629.00.0 61{·2. [-J06 
2c'A. 600 808.000 757 .. 305 
208. 700 689.000 689.60:3 
191.700 649.000 641 .. 120 
199. 4()O 679.000 6~32" !:i04 
229.200 ~r::;2 .. 000 '756 .. 229 
229.000 760.000 756.031 
251 .. 700 71:c;.000 718.0::":'7 
21.4·. lOO 661.000 713 .. ~)~'::.6 
~2L~4 .. 800 73"/.000 T39. 152 
218. lCJO 699.000 729.476 
Root mean square error - 28 .. 201 
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19. 3 Summary 
Deviations from linear 
It It 2 
Reduction 
Deviations from linear 
" 3 
Reduction 
Deviations from linear 
It 11 4 
Reduction 
Deviations from linear 
" It 5 
Reduction 
Deviations from linear 
" 11 6 
Reduction 
* significant (p < 0.05) 
D of F 
16 
15 
1 
16 
14 
1 
16 
13 
1 
16 
12 
1 
16 
11 
1 
SS 
21,381 
15,043 
6,338 
21,381 
13,379 
8,002 
21,381 
13,365 
8,016 
21,381 
14,305 
7,076 
21,381 
14,315 
7,066 
MS 
1,003 
6,338 
956 
8,002 
1,028 
8,016 
1,192 
7,076 
1,301 
7,066 
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"F" 
6.319* 
8.370* 
7.798* 
5.936* 
5.431* 
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19. 4 SIH 
PEI;RSON PRODUCT MOMENT CORRELP,TI ON ClJEFF I C I ENT 
********************************************** 
oBS VAR. X. VAR. Y. 
NO. SIH WMP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
80.600 
88.400 
86.200 
89.100 
87.600 
83.700 
82.500 
79.800 
95.200 
88.000 
85.400 
78.800 
89.000 
86.200 
85.700 
81.200 
86.500 
90.500 
NUMBER OF DATA PAIRS 18 
SIH , 
11EAN 85.79999998 
STANDARD DEVIATION 4.172035752 
675.000 
612.000 
734.000 
672.000 
789.000 
645.000 
640.000 
629.000 
808.000 
689.000 
649.000 
679.000 
732.000 
760.000 
713.000 
661.000 
737.000 
699.000 
~jMP 
695 .. 7222223 
55.34788962 
CORRELATION COEFFICIENT 0.5620136599 
WITH 16 DEGREES OF FREEDOM 
page 498 
19. 4 Continued ... 
REGRESSION LINE WMP (V) ON SIH (X) 
v - 7.455897275 X + 56.00623631 
DBS VAR.X VAR.V CALC. RESIDUAL 
NO. SIH WMP V. V. 
1 80.600 675.000 656.952 18.048 
2 88. -tOo 612.000 715.108 -103.108 
3 86.200 734.000 698.705 35.295 
4 89.100 672.000 720.327 -48.327 
5 87.600 789.000 709.143 79.857 
6 83.700 645.000 680.065 -35 .. 065 
7 82.500 640.000 671. 118 -31. 118 
8 79.800 629.000 650.987 -21.987 
9 95.200 808.000 765.808 42 .. 192 
10 88.000 689.000 712.125 -23.125 
11 85.400 649.000 692.740 -43.740 
12 78.800 679.000 643 .. 531 35.469 
13 89.000 732 .. 000 719.581 12.41<] 
14 86.200 760.000 698.705 61 .. 295 
15 85.700 713.000 694.977 18.023 
16 81.200 661.000 661 .. 425 -0 .. 425 
17 86.500 737.000 700.941 36.059 
18 90.500 699.000 730.765 -31.765 
SUM OF SQUARES OF RESIDUALS 35628.41063 
STANDARD ERROR OF ESTIMATE 47.18872391 
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19. 4 Continued ... 
Data file MSIW 18 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
y = 2662.766349 
+ X 
* 
-53.21009342 
+ X· .. ··2 
* 
0.3521759429 
X Observed Y Predicted Y 
80.600 675.000 661.895 
88.400 612.000 711.094 
86.200 734.000 692.879 
89.100 672.000 717.605 
87.600 789.000 704.076 
8:;.700 645.000 676.317 
82.500 640.000 669.931 
79.800 629.000 659.271 
95 .. 200 808.000 788.950 
88.000 689.000 707.529 
85.400 649.000 687.100 
78.800 679.000 656.626 
89.000 732.000 716.654 
8~j. 200 760.000 692.879 
85.700 713.000 689.214 
81. 200 661.000 664.158 
86.500 737.000 695.162 
90.500 699.000 731. 662 
Root mean square error = 43.817 
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19. 4 Continued ... 
Data file MSIW 18 data pairs 
order 3 polynomial regression 
Polvnomial fitted is • 
y = -60964.77666 
+ X 
* 
2147.607004 
+ X'~'2 
* 
-24.96841277 
+ X· .... 3 
* 
9. 689818061E-2 
X Observed Y Predicted Y 
80.600 675.000 665.078 
88.400 612.000 704.474 
86.200 734.000 696.319 
89.100 672.000 708.254 
87.600 789.000 701.018 
83.700 645.000 687.762 
82.500 640.000 681.384 
79;800 629.000 655.120 
95 .. 200 808.000 801.573 
88.000 689.000 702.648 
85.400 649.000 693.894 
78.800 679.000 639.449 
89.000 732.000 707.663 
86.200 760.000 696.319 
85.700 713.000 694.809 
81.200 661.000 671.239 
86.500 737.000 697.242 
90.500 699.000 718.754 
Root mean square error = 43.595 
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19. 4 Continued ... 
Data file MSIW 18 data pairs 
order 4 polynomial regression 
Polynomial fitted is '-
y = -22125.26933 
+ X .. 617.3735719 
+ X· .... 2 
* 
-3.053399451 
+ X·· ... 3 
* 
-3. 652704426E-2 
+ X···'4 
* 
2.8411903E-4 
X Obsf.:?rvf£<d Y Predicted Y 
80.600 675.000 663.845 
88.400 612.000 706.835 
86.200 734.000 695.136 
89.100 672.000 711. :545 
87.600 789.000 702.143 
83.700 645.000 683.612 
82.500 640.000 677.169 
79.800 629.000 656.615 
95.200 808.000 797.194 
88.000 689.000 704.408 
85.400 649.000 691.493 
78.800 679.000 645.862 
89.000 732.000 710.832 
86.200 760.000 695.136 
85.700 713.000 692.846 
81.200 661.000 668.577 
86.500 737.000 696.548 
90.500 699.000 723.205 
Root mean square error = 43.443 
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19. 4 Continued •.. 
Data file MSIW 18 data pairs 
order 5 polynomial regression 
Polynomial fitted is ,-
Y = 22707.95807 
+ X * -963.2992635 
+ X"'~2 
* 
9.145215385 
+ X'-'3 
* 
0.1139413252 
+ X'~4 
* 
-2. 320132703E-3 
+ X'''~5 
* 
1.012548479E-5 
X Observed Y Predicted Y 
80.600 675.000 663.444 
88.400 612.000 706.210 
86.200 734.000 696.008 
89.100 672.000 710.280 
87.600 789.000 702.180 
83.700 645.000 684.632 
82.500 640.000 677.724 
79.800 629.000 655.941 
95.200 808.000 798.665 
88.000 68'7.000 704.127 
85.400 649.000 692.605 
78.800 679.000 645.172 
89.000 732.000 709.661 
86.200 760.000 696.008 
85.700 713.000 693.890 
81.200 661.000 668.462 
86.500 737.000 697.283 
90.500 699.000 720.703 
Root mean square £~r~r-or- = .l~3. 205 
19. 4 Continued ... 
Data file MSIW 18 data pairs 
order 6 polynomial regression 
Polynomial fitted is :-
Y = 17722.30076 
+ X * -397.2742288 
+ X· .... 2 * -5. 38432059B 
+ XA 3 * 0.1808578091 
+ X -''4 * -4. 09056567 6E-4 
+ X-~5 * -1. 546680196E-5 
+ X-"6 * 9. 160733172E-8 
X Obs.?rved Y Preeli cteel Y 
80.600 675.000 663.091 
88.400 612.000 706.100 
86.200 734.000 696.396 
89.100 672.000 709.878 
87.600 789.000 702.333 
83.700 645.000 684.759 
82.500 640.000 677.575 
79.800 629.000 655.738 
95.200 808.000 799.124 
88.000 689.000 704.159 
85.400 649.000 692.991 
78.800 679.000 645.487 
89.000 732.000 709.302 
86.200 760.000 696.396 
85.700 713.000 694.287 
81. 200 661.000 668.110 
86.500 737.000 697.646 
90.500 699.000 719.641 
Root mean square error = 43.055 
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19. 4 Summary 
Deviations from linear 
" 11 2 
Reduction 
Deviations from linear 
" tI 3 
Reduction 
Deviations from linear 
" " 4 
Reduction 
Deviations from linear 
11 " 5 
Reduction 
Deviations from linear 
" " 6 
Reduction 
D of F 
16 
15 
1 
16 
14 
1 
16 
13 
1 
16 
12 
1 
16 
11 
1 
SS 
35,628 
34,559 
1,069 
35,628 
34,209 
1,419 
35,628 
33,971 
1,657 
35,628 
33,600 
2,028 
35,628 
33,367 
2,261 
All values of F not significant (p > 0.05) 
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MS "F" 
2,304 
1,069 0.464 
2,444 
1,419 0.581 
2,613 
1,657 0.634 
2,800 
2,028 0.724 
3,033 
2,261 0.745 
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Appendix 20 
Confirmation of the linearity of the relationship between 
mean power output during the Wingate Anaerobic Test and the 
anthropometric indices of the lower limb in women 
page 506 
20. 1 LLV 
PEARS ON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
(JUS wm .. x" 'v'{~F\ ~ Y. 
ND. L.LV O!11P 
1 4.7f10 427.000 
2 Lt .. 5::)0 34~5. 000 
:~:. I.f. '1'1·(> :":9:1..000 
4 ::i.260 35~5. 000 
~ Cl 5.54·(> 467.000 
6 4 .. ('i50 3/+5 .. 000 
7 4 .. ~500 LJ.1 <]. 000 
El 7. 320 4"14·.000 
9 5.090 47:3. 000 
10 3. !570 ~324 .. 000 
11. 4 .. ,~):3() '·~!38 .. 000 
1 'C! "1.930 'l~)3 .. 000 
n 11·. :;:::":0 448 .. 000 
14 '7.8'10 566 .. 000 
15 6.8:<:0 ~506. 000 
16 !5.460 5:38 .. 000 
17 ~5 .. 300 479 .. 000 
lEl ::) .. 6£:10 41.f:1.000 
19 5.090 4::58 .. 000 
20 5 .. 970 551 .. 000 
21 4 .. 9~30 451 .. 000 
22 ~:. •• J ~ 100 379.000 
'-' ":" 
"::"-' 5 .. 910 L\·15" 000 
24- 4. 1 '90 410.000 
2~.) !5.000 490.000 
26 ~5 .. :~;50 'lAc>. 000 
27 5 .. ~5BO ~503 .. 000 
28 5.600 520 .. 000 
NUMBER OF DATA PAIRS 28 
LLV WMP 
MEA~j 5.2989285"12 44"1.6428573 
STANDARD DEVIATION 0.90:';4.04919:) 63.447'77476 
C[Jf~RELATr()N COEFFICIENT O.602C,9:S4362 
Lv I TH 26 DEGREES .oF FT,EEDOM 
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20. 1 Continued ... 
REGRESSION LINE WMP IY) ON LLV (X) 
Y = 42.21386775 X + 223.9545873 
OHS VN~. X VAF~. Y eIK.C. R~:::SJ.DUAL 
1\10 " LLV tlj!"IP Y. Y. 
1. 4 .. "790 427. 000 42C:.\" :I. 5~;) (> .. [:VI·l 
,., 
..::. 4·. ~:i50 :~~f.1-5. 000 LI1t:>. 0203 --"71 .. 02E3 
3 Lj .• 9!~O ~!,';91. .. 000 Lj·~'2. 491 _~=LI·l • 491 
4 5 .. 260 35:3:.000 446.000 -9::::;.000 
5 5.540 467.000 45"7.81 " 9" 181 
6 4- .. 9:-iO ::::;1.)·5 .. 000 4:32 .. J.:? 1 :::;; --137 .. '1'1:3 
-; 4 .. 500 Lj·l'~. 000 413. ,;> 1. 7 ~5 .. mn 
8 7. :":20 471.1·" COO ~::;::"~2 .. 960 -~5B .. 960 
9 5.090 11· 7~:; .. 000 4:38. 8,. ... ·~· L . ...;,. :::.\.q ... IT7 
10 3 .. 5'70 :::;:211 ... 000 c,74. 6~58 -~jO. 658 
1l. 4.6:"0 41313. 000 419 .. 40~., tS:3 .. 59~5 
1 '''I 
"-
1.1·" 9:~:;O 'l~5:5 .. 000 J.t :~;;:2 .. 069 20~ 9~:~1 
n 4. :3:30 4il·~3 .. 000 406.741 '-1-1. .. :2:;;9 
14 7 .. 8(?O 566.000 557 .. 022 03.9703 
15 6.0320 506 .. 000 511. FJ:-j3 -5 .. 853 
16 ~.5 .. 460 ~;:';::~;B .. 000 i.~54·. 442 8:::~ .. 55f:3 
1.7 5 .. :~;80 1.\·79 .. 000 451.06:'5 27 M 9::;;::i 
18 ::j.680 41.·03.000 463. "729 -45.'729 
19 5.090 458.000 438.823 1"9. 177 
20 5.970 !:j51 .000 4·75.971 75.029 
21 4" Cf~jO 45:1. .. 000 4~'2. 91:.', 18.087 
1"\, .... 
. ':: .. ~:. 
.:;:' 
,J • 100 ~~;79. 000 4:~;9 M 24~7i "-60n 24~5 
2~J 5.910 4·15.000 473. L~39 -5t~. 459 
24 4. 190 410.000 400.8:51 9. 169 
~,-~.:J 5.000 4·90.000 435 .. 024 54 .. J:'-}7C) 
26 ::i.350 443.000 l~4'1. 799 ~6.7'19 
27 ~3 .. 580 ~503 .. 000 4:59. 508 4::5.492 
28 5Mf.:,OO 5:40 .. 000 460. :::;;52 59.6 /+£1 
SUM OF SClUAHES OF t~E~lIDU?\LS 69250. :55349 
STANDARD ERROR OF ESTIMATE 51.60886683 
.'~' "'''~'''''_''''''''" ••••• _, ••••• ·e •••. ~~_, ••• , ... '" 
20. 1 Continued •.. 
Data file WFLLV 28 data pairs 
Polynomial fitted is :-
Y - 5.357168674 
+ X * 120.3784279 
+ XA 2 * -6.775092853 
X Obse~ved Y 
4.790 427.000 
4. 5~.50 ~54~j. 000 
4.940 ;','7'1 • 000 
~j. 260 3:53.000 
5.54·0 L!·6'7.000 
4 .. 950 ::-:~45. 000 
i~" ~SOO 4j.9 .. 000 
7.320 'P4.000 
5.090 4'73.000 
3.570 :~;24. 000 
4.6:,0 488.000 
4. ,~:O;O 4·5:,.000 
4 .. ::~2~O 44.8.000 
'7.890 566.000 
6.820 506.000 
ei .. 460 538.000 
~5. 3BO 4·79.000 
5 .. 680 418.000 
5 .. 090 4·58.000 
5.9'70 ~)51. 000 
4.950 451.000 
5. 100. ~$79. 000 
5.910 41::'j.OOO 
4. 190 'HO.OOO 
5.000 490.000 
5. 3~)O 4·43.000 
5 .. 580 503 .. 000 
~). 600 520.000 
42f.J .. 521 
412.818 
434.61..,'r) 
451. 09'7 
461.\·. ~5t5 
1~·:35 .. 224-
40'?864 
523 .. 502 
442.554 
3'lB.'760 
41"1.1J72 
4~.54" 1::")~5 
399. ~j]O 
53:3 .. 379 
51.1.212 
460.64'7 
4:56.892 
4'70.526 
442 .. 554-
482.54·6 
4:3;5.224 
44·3.067 
480.153 
390.799 
4~;"1. 872 
45~3. '~·62 
466.117 
467 .. 009-
Root mean squar-e error -- 49.020 
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20. 1 Continued ... 
Data file WFLLV 28 data pairs 
order 3 polynomial regression 
Polynomial fitted is . 
Y = -640.2746668 
+ X * 482.6404241 
--t-. X·····2 .IE- '-72.60544::::66 
+ X~"'::::: 
* 
:3. f3649fl6';>8:5 
X ObSf2F"Ved Y PI'~8di ctc~d Y 
L't. 7 L"lO 427.000 4·30. 'l77 
4 .. 550 :::;;.£1.5 .. 000 416.693 
4.940 :.'.'81.000 438.07'1 
~j .. 260 3~7j3N 000 ·1·52.073 
5. :')i~·O 467.0()(> '1.62" 3··~·'f.5 
Lt ~ 9~SO ::::4:::),. 000 '1·38 .. 5~5:5 
4 .. 500 41'1.000 41:3.544· 
'7 .. ~~:'20 474.000 ~HtJ. 21"7 
~) .. 090 47:3 .. 000 444.980 
3 .. 5'70 32/~. 000 333 .. 257 
4.630 48tJ.OOO 421 .. 526 
4.9::;0 453.0el() 437.590 
4.330 44·8.000 402.056 
7.890 56r:.) " 000 546M279 
6.820 506.0()O 500u310 
1:::' 
..J. '1-60 5:~:f3. 000 /.1·5('1" ~j67 
~i .. 3E:10 479.000 4;:;6.669 
:S.6BO 418.000 466.958 
5.090 4·58.000 44't.980 
5.970 551.000 475.742 
4.950 451. 000 4~58. 555 
~::' Cl. 100 379.000 445.418 
5.91.0 415.000 4·7C!:. ';>90 
4. 190 410 .. 000 :591.629 
~5 .. 000 490.000 440.915 
5 .. :5~50 443.000 Lj.!:i5 .. 549' 
5 .. 580 503.000 463.694· 
5.600 520.000 464. 3~j9 
Root mean square error = '+8.724 
• i> '. 
.-------------------------------- --------
20. 1 Continued .•. 
Data file WFLLV 28 data pairs 
order 4 polynomial regression 
Polyr10mial fitted is :-
y ~ 11 cn . 2"72732 
+ X * -908.2565172 
+ X~2 * 313p0532218 
+ X~3 * -42859185524 
+ XA 4 * 2.052304063 
X Observed Y 
Ij·.790 427.000 
4.550 34·5.000 
4.940 ~39:1 .• 000 
5.260 :::;:53,,000 
5.54·0 467.000 
4 .. 950 :~;45" 000 
4. ~500 41'1.000 
7.320 474·.000 
5 .. 090 473.000 
3.570 324.000 
4.630 4e38.009 
4.9:30 1.l·~:::;3. 000 
4.330 44f3.000 
7.8'10 ~:;66. 000 
6. E:120 506.000 
5.460 !:!.)~$8 .. 000 
5.380 47'1.000 
5.680 41.8.000 
5.090 4:j8.000 
5.970 t551. .. 000 
4.950 451.000 
, . 
.J. 100 :,7'1.000 
5.910 41:5.000 
4. 1';>0 410.000 
5.000 490.000 
5.350 44~5. 000 
5.580 50~3 .. 000 
5.600 520.000 
L~28 .. c;06 
413.296 
437 .. 722 
45:::;.846 
464.898 
4313.213:;';: 
40',.8:36 
509.782 
44~). 746 
:340 .. 091 
418 .. 690 
437. 1~:;9 
397.631 
552. E~90 
4·9:0:.024 
'H.,2.024 
458.925 
469.414 
445."146 
4"76.9:36 
4313.2£12 
446.252 
47~5 .. 558 
387.166 
44·),.02'1 
Ij·57.704-
466 .. 254· 
466.912 
Root mean squat-e er-rc,)!'" - 48.600 
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20. 1 Continued ... 
Oat. file WFLLV 28 data pair. 
order 5 polynomial regr~ssion 
Polynomial fitted is :-
y - 4(78~59 .. c)85·41 
... X * -4673.',. 76927 
+ X "~'2 '*, 17238 .. 95~.5 
... XA 3 * -3109.016293 
+ X'·'~· .~ 27"1· .. 72(i~:3;~~06 
+ X··· .. S -l~ -9 .. 5282,~~8019 
X Obs81"'ved Y Proedi c:"tec1 
11·.790 !~:,:~"7 .. 000 11· ::::JI. • '7 1. 0 
4 .. ::i50 :3 /.1.5. 000 404 .. 920 
4.940 391.000 44·8.420 
5 .. 260 35:3 .. 000 4,-S:::; .. 35'7 
5 .. 540 '16-'.000 462.911 
4 .. 950 ~J4~5 .. 000 449. HI1 
4 .. 500 419,.000 3'1'7.8:l9 
7.320 4·74.000 !:i42 .. 8A~·6 
5.090 4'73.000 457 .. 804 
::::; .. ~)70 324 .. 000 :55'1. '799 
4.6:3:0 4BO.OOO 4:1.5. '750 
11.930 453 .. 000 'lA 7 .639 
4.330 44B.OOO 372.B11 
-1 .. 890 566.000 541 .. ~568 
6.8::,::0 ~:::j06 .. 000 4 EH " '+'18 
5.4·60 ~S3fl. 000 'j·tA" 0 12 
5.380 479.000 464.406 
5 .. 680 41B.000 4·59.7T7 
5 .. 090 45f:l.OOO 457.804 
5 .. 970 5=;1 .. 000 11·52.0'71 
4.950 451.000 44"). 181 
= 
..J. 100 379.000 458.275 
5 .. 910 415.000 453. 4· 9 '-:J' 
4. 190 410.000 :35~5 .. (>'18 
5.000 4',0.000 452.696 
5. :'\50 4-43.000 464.3e,2 
5.580 503.000 462 .. 146 
5.600 520.000 4·61.718 
Root mean square error = 54.752 
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20. 1 Continued ... 
Data fila WFLLV 28 data pairs 
Polynomial fitted is ~-
y = -22381~55354 
+ X * 18840.56978 
+ XA 2 * -5560~703156 
+ XA~ .~ 578.5794296 
+ XA 4 * 27.46313083 
+ XA 5 * -9.468564101 
+ XA 6 * 0.49478003?4 
X Observed Y 
4.790 42~1. 000 
4 .. 550 34~:.:i. 000 
4.940 :391.000 
~5 .. 260 ~~5:~:;. 000 
5 .. 540 467.000 
'1. <"50 ::-::;4~i. 000 
4 .. ~:iOO 419.000 
7 .. ::::;20 474.000 
5.090 117:;.000 
3.570 324 .. 000 
4.630 488.000 
4. cnO L\.5:~:: .. 000 
4.3:::;:0 'lAB. 000 
7.890 ~j66. 000 
6.820 506.000 
:3.460 538,000 
5.3f.l0 479.000 
5 .. 680. 418.000 
5.090 45fJ.OOO 
5.970 551.000 
4.950 45:1..000 
------ ---
--"._-- ----
~ 
,J. 100 3"1'~. 000 
5.910 415.000 
4. l'lO 410.000 
5.000 490.000 
~)" 350 44:3.000 
5.5aO 503.000 
5.600 520 .. 000 
F'r'{;,:-d i c:::t.E~d V 
424.2i30 
418.697 
429. 6~;'7 
446. 'TY) 
466 .. 975 
4·30 .. 057 
417. '796 
479 .. 204-
436.779 
328. 15::::: 
420 .. 258 
4·29 .. 22::i 
4·14.519 
564.4:55 
501. :::;:33 
460.9038 
455 .. 161 
4"1'7.510 
436.779 
497. 136 
-
tj·::'!:O. 0~j7 
437.:3:1fJ 
493.51!5 
410.433 
432.277 
453 .. 037 
469.996 
471 .. 506 
Root mean square error - 46.643 
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20. 1 Summary 
Deviations from linear 
tI " 2 
Reduction 
Deviations from linear 
11 .. 3 
Reduction 
Deviations from linear 
" 11 4 
Reduction 
Deviations from linear 
" n 5 
Deviations from linear 
11 11 6 
Reduction 
D of F 
26 
25 
1 
26 
24 
1 
26 
23 
1 
26 
22 
26 
21 
1 
SS 
69,250 
67,283 
1,967 
69,250 
66,473 
2,777 
69,250 
66,135 
3,115 
69,250 
83,938 
69,250 
60,916 
8,334 
All values of F not significant (p > 0.05) 
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MS ttFf! 
2,691 
1,967 0.731 
2,770 
2,777 1.003 
2,875 
3,115 1. 083 
2,901 
8,334 2.873 
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20. 2 LULV 
, 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. ULLV WMPU 
1 
4-
5 
6 
'I 
B 
9 
1.0 
U. 
12 
1 :::.~ 
1ll 
15 
16 
17 
1 [~ 
1'7 
20 
21 
22 
25 
26 
:27 
2B 
3.110 
~::.~ 020 
:~;" ::~~90 
:3.6'70 
3.'740 
3.320 
~!:. 1::":0 
2 .. 260 
:,':" lAO 
3. 1 EIO 
:;~ .. 780 
5.250 
4 .. 5BO 
~S .. 520 
:.!.. 1 '10 
3 .. ~)20 
:::;. K ~590 
:5. '170 
3 .. 380 
3" ~500 
3.740 
2 .. 640 
3 .. 010 
3.550 
3 .. 270 
3 .. 4E~O 
427 .. 000 
~54~L 000 
:::;:9:1. ft 000 
::::;~33 .. 000 
./.l-67 .. 000 
34~:i .. O~)O 
4· j,(',) .. 000 
1~74. 000 
47:::;: .. 000 
324.000 
4t:jEl. 00:) 
4~:i:3~ 000 
44B.OOO 
566.000 
~50f.:) .. 000 
~S~58 .. 000 
479.000 
41.B.OO·) 
;l5f:3 .. 000 
~5~'51 .. 000 
451 • 000 
3'19.000 
1.].1, ~5 .. 000 
.l~1.0. 000 
490.000 
443.000 
~~03 .. 000 
520 .. 000 
NUI"IBEf~ OF DATA PAIF(8 28 
ULL V vJi'lPCl 
l'1E?\N 3.4575 447. 6428~)T5 
STANDARD DEVIATION 0.6366033999 63.4479'74'76 
CORRELATION COEFFICIENT 
WITH 26 DEGREES OF FREEDOM 
0 .. 5050376293 
" ! 
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20. 2 Continued ••• 
REG!~EBB I ON L 11\IE l;WIF'O (Y) ON ULLV (X) 
y ~ 50.33528684 X + 273~6086031 
OBB Vl'lR. X VAH" Y OI.LC. RES IDLIi;I_ 
NO. UI_LV LIiI"IPO y" Y. 
1 ~.:::; .. 1 1(> 4:2"7. 000 LI·::>O • 1:) 1 -<3 ~ 1. ~Jl 
2 3 .. O::;:~O 3 L15 .. 000 1J.2~5 .. tS21 -BO. ' '''"I '! O~::. ,h 
":~ 
,.' 
7 
-' . 
2(?O 391 . 000 lJ.~S9 .. 212 -/j·8. 2l~: 
11 ::-~; .. 670 35:::::. 000 458. ::::;::~;9 -10~.s. 3~'::;9 
~. 
-, ~~:: .. 740 467. 000 i\-61 
" 
B6:3; 1::: .;. :1.37 
"' 
":!' 
~. :~~;::::O :::.~ l\:5 " 000 '1'[0. '722 <:.,,:~~ -" r .. J .. 72:,2 
7 ":!' '-' .. 1~50 41'~ • 000 431 . 1 r~:o ..... }w -12. 1 ~.:;E{ 
B ,: 
..J" 060 1)·74. 000 528. :::;:05 -54 .. ~505 
9 3" 4/j·0 Ij·73. 000 446. 762 26 .. 2:';8 
10 .., ~. 260 324 .. 000 387 .. :-':;;66 -6::-:';. ~56S 
1 1 ~. 
-' . 140 4f3B .. 000 4:31 .. 661 ~56 .. TS9 
12 ::::; .. lflO 4~.)~~; .. 000 4:~;3 .. 675 19. ::~2~5 
1:3 ., ..::.. 780 4'11:1" 000 ·41:5. ~j41. 31.1-. 1!·::;:i9 
14 ~ ..0. 250 566 .. 000 537. B69 28 .. 131 
1 !:j 4. 580 ~.30b " 000 50l~ .. 1,44 1 . 856 
16 3. 520 :S:.:;fj • 000 L~50. 78'! B7. 2:1. :l 
1'7 ~$ .. 170 'J.79. 000 /.~:3:?; • 1 '71 1.1·5 .. ~;;29' 
18 -:!' ~~, .. ~J20 41B. 000 4~55. 8""'" ~:....:.. -37. 822 
19 '~ ~;, .. ::',90 .l~58 .. 000 444. 2L~5 13" 7~.55 
20 3 .. 770 551 . 000 46:::: .. 3'73 B7 6""''''' L/ 
21 w~' . .) " ~5f:10 451. .. 000 44·::> • 742 7. 25B 
.-\ r., 
..::...::. :~:. " ;~:OO :::;79 .. 000 4:39 .. 71~5 --0,0. 71::; 
23 .'" "-' .. 740 415. 000 "1·61 .. 8(S3 -46. B6::': 
24- " 640 410. 000 406. '194 3. 506 ...::.. 
2~'j 7 
"". 010 490. 000 4 .... ":::-..::.~ .. 1 18 6'1 .. B82 
26 3. ~)50 443. 000 41:::""~ ...J.::' .. 299 -'t. ::299 
27 -,. ' .. ) n 270 503. 000 ·t:::;fJ .. 20~:; 6'!· • 7(:r~:;i 
2B ,. 0. Ij.BO 520 .. 000 44B. T7~'j 71 . r-, ..... e;· .,::...;:,~ 
SUM OF SQUARES OF RESIDUALS BO't69.010B9 
STANDARD ERROR OF ESTIMATE 55"B0495253 
20. 2 Continued .•. 
Data 'File WFULLV 28 data pairs 
order 2 polynomial regression 
Polynomial fitted is :~ 
Y .-. 118 .. ~~966~:5(~:::'~ 
+ X * 134~154382 
+ XA 2 * -10"90251332 
x 
3. 110 42"7.000 
3.020 ~~4~5 .. 000 
3.290 3'/1.000 
:::'.670 3~):3; .. 000 
:3.740 467.000 
:2.:; .. ~)20 ::.V~·~5. 000 
3. 1::::0 419 .. 000 
5 .. 060 474.000 
3 .. I~AO 473.000 
2 .. 2c.)O 324.000 
3. 140 488.000 
"/!' 
'-' .. 
180 45:3.000 
.-, 
.. :.. .. 7f.W 448.000 
5 .. 2::')0 566.000 
4 .. 580 506.000 
3 .. ~5:;20 ~i::::;~3. 000 
";r 
.~.' .. 170 47';'.000 
3.620 41B.OOO 
:::.390 458.000 
3.770 551. .. 000 
3.3f.30 451.000 
3.300. 37<? 000 
3.740 41~3. 000 
2.640 410 .. 000 
3.010 490.000 
3 .. 550 44:3.000 
3.2'70 
.. 
~)03.~ OQO 
:5.4BO ~520 .. 000 
Predi ct~?d V 
4:30.1.67 
1+'2-1·. 108 
4 L.,-1. .. 7~j5 
46::::. B',8 
467.6:54 
4-4::0:.617 
'1·:'1" 4B9 
518 .. 07 /1. 
450.872 
~565 .. 'rOO 
1·132.147 
It~54 .. 7~)] 
407.0B"7 
522 .. 207 
~504 .. 128 
455 .. 5:34-
43'1.108 
461.165 
447.f.387· 
469,,202 
'lA? 284 
442 .. 378 
46'7. 6:~4 
~596 .. ~:j78 
423.4"23 
4::57.24·6 
"."" .9-4-0 .. 502 
453M220 
Root mean square el'""ror = 53.357 
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20. 2 Continued •.. 
Data file WFULLV 28 data pairs 
order 3 polynomial regression 
Polynomial fitted is 
Y::::: -993.5731.518 
+ X * 1101.52521 
+ XA 2 * -281~8388549 
+ X·· .. ·3 
* 
24 .. ~~:::;f~6t:)262 
X ObSC?rVf2d Y Pr-edic:ted Y 
::::;" 1- to 4:27.000 4~5(~. :339 
:~; .. O:·~~O :::'~45 .. 000 432. 9~52 
3. :;:90 ~5C?1. 000 446. ~560 
:3.670 3::.:3.000 456.09b 
3.740 ·l6'7.000 45'7. 178 
:3 .. 3:~'~O 3/!.~.5 .. 000 447.64':5 
:3 .. 1:3:0 419.000 Lj·:39.412 
5.060 474.000 517. :::61 
:3.440 413.000 '4!51.31.4 
2 .. 260 ~::;:!4 .. 000 :~cF.3l1 
:3 .. 1"1·0 4·88.000 4:39 .. 9:~::~; 
-. 
-' . 1.80 4~53. 000 44·1.911 
2.780 448.000 III :3 . 44·0 
~; ~ 2~~jO ~;66"OOO ~543. 276 
Lj ... 5elO ~506~ 000 4·7"1 .. EIO(:, 
3.5:20 5:3B.OOO 45:~ .. :;:~~j5 
3 .. 170 479.000 441.432 
:::.~. 620 418.000 455 .. 2'.J.2 
~J .. ~::;90 45[3.000 4·49. '707 
3.7'70 5~:; 1 .. GO!) '1·5'7 .. 61~) 
:3 .. ~~)8(l. 451..000 4'~·9 .. 60~5 
3.300 3'79.000 4 l 't6 .. 929 
::';.740 41~:;. 000 457n 1.7B 
2.640 410.000 :3H7 .. 99:3 
3.01() 490.000 't:::~2. 294· 
3. 5~;::jO 443.000 453.896 
3.270 503MOOO 't45.795 
3.4DO 520 .. 000 452. ~:;29 
Root mean squa~e error = 52.339 
20. 2 Continued ... 
Data 'Fila WFULLV 28 data pairs 
orde~ 4 polynomial r'egression 
Polynomial fitted is . 
Y --. -1 '18:::;. '13:)29 
+ X * 2261.909734 
+ XA 2 * -778.2428052 
+ XA 3 * 116.3241944 
+ XA 4 * -6.232017167 
X Observed Y 
3.110 
:3.020 
3.670 
3.740 
3. :320 
::$.1.30 
::j. 060 
:::;.440 
2.260 
:.L 14·0 
~). lBO 
2.780 
5. 2~)O 
4.580 
3.170 
:::::.620 
3.390 
3.770 
3.380 
3.7'1·0 
2.640 
:5,010 
3. ~=:;50 
:3.270 
3.4BO 
42'7.000 
:3;4~.::i .. OO() 
;'::;91" 000 
:::'\5:3; _ 000 
467.000 
345.0C·0 
4·19.000 
4·7f.1·~ 000 
47:$.000 
48B.OOO 
45::: .. 000 
4Lj·B.OOO 
566 .. 000 
506.000 
53t3 .. 000 
47'1.000 
418. (:'00 
'+!5fJ.000 
~j51. 000 
451.000 
~r79. 000 
/j·15.000 
'1·10.000 
4·90.000 
44·3.000 
50:-~:' .. 000 
520 .. 000 
4:59.420 
'lc'4.7'1·7 
4l~·6" 276 
454.648 
45~). 8BB 
4'1-'7. 166 
440. ~n::~; 
~520. 4:~::9 
4:10 .. 204· 
33:-':::.2i)2 
440.77:3; 
442. 4::~;4 
416. ~:597 
538.840 
48-4 .. 22:3, 
451.885 
4.1].2. Cn4 
45:::', .. 7~=S9 
449.028 
4·56 .. 428 
448. TlB 
4·'16. ::i79 
455.B88 
401.0BO 
434. 16~3 
452.46'7 
4.LJ.::;" 6 1j,CJ 
451.0'71 
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20. 2 Continued ..• 
Cata fil~ WFULLV 28 data pairs 
order 5 polynomial regression 
Polynomial fittsd is ~-
Y - -16609.81921 
+ X * 23591.27225 
+ XA 2 * -12947.39288 
+ XA 3 * 3514.193206 
+ X-4 * -470.8718821 
+ XA 5 * 24.91464373 
x Db~~E.~!'··v~?d V 
"" 110 4:~7 .. 000 .~. 
3~O20 3·'~1 !.S .. ()OO 
3.2C::O :',91 ,,000 
:::;.670 :35~~:; n 000 
3.740 467.000 
3.320 345.000 
3. 1 :~;O 419.000 
5.060 4·"74.000 
:;. 4.40 47:3.000 
2.260 32J~· .. 000 
~ 
-' . 14·0 48B.ClOO 
3. 180 4~5~~:; .. 000 
2.7130 'lAB" (JOG 
5 .. 2!30 5,~)6 .. 000 
4. 580 506.000 
~~;. 520 5~5f.~ .. 000 
~) .. 170 47'1,,000 
:3.620 418.000 
3.390 4513.000 
:3.770 ~5!:j 1 .. 000 
~:; .. 3t'30 451 . . 000 
3 .. :::.~OO 37'? 000 
3. 7'~O 415.000 
2.640 4·1.0.000 
3.010 490.000 
::::'" ~5::;O 44:::~. 000 
::5.270 5()~';. 000 
". ~. 480 520 .. 000 
437.106 
Il34 .. 8~J5 
4·Q·2 .. 2~":;7 
1.1·5B .. S03 
462 .. 386 
4'1:::;.276 
4·:";7.6Hl 
~506 .. 529 
447 .. 170::::; 
:::'2c ... ~512 
'~37. 877 
'n8.9'!·6 
426.179 
~548. 324 
484.800 
451.448 
4::<:8.671.1· 
456 .. 279 
'145.869 
'16:3.919 
44·5. '1·80 
442 .. 5<"'70 
'162.386 
415.517 
434.576 
4t)2" 85'7 
LiA1.607 
'+49.634 
Root mean square error- - 51.483 
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20. 2 Continued ... 
Data file WFULLV 28 data pairs 
order 6 polynomial regression 
Polynomial fitted is " 
Y - -22577.65568 
+ X * 28212 .. 283 
+ XA 2 * -12032.61858 
+ XA 3 * 1586.915478 
+ XA 4 * 253.5668076 
+ XA 5 * -88.42240503 
+ XA 6 * 6.546217747 
x 
:3.1.10 
3 .. 020 
:3.6"10 
3."140 
3 .. 320 
3h :1,::::;0 
5"060 
3"440 
2.260 
::~;. 140 
3.180 
2.780 
~5. 250 
4.5,,0 
~5 .. 520 
3.170 
3 .. 620. 
3. ~;90 
3.770 
.:::: .. ::'~80 . 
3.300 
3.740 
2.64·0 
3.010 
3.550 
3.270 
3.480 
42'7 .. 000 
345 .. £)00 
391.000 
:~:;5~~;" 000 
467.000 
345.000 
419.000 
474.000 
473.000 
324"000 
48B.OOO 
453.000 
448 .. 000 
~5cJ6 .. 000 
~)Of., .. 000 
~53EI. 000 
479.000 
·41EI" 000 
4·::58.000 
551 .. 000 
451" 000 
~579. 000 
415 .. 000 
410.000 
4·90.000 
'143.000 
503.000 
520 .. 000 
!.1,3~5 .. :2;:16 
436~450 
437. 1 ::,;4 
46:3. (l4E! 
469.96/+ 
438 .. 116 
4:::::5.2tO 
485.7'16 
44·~.081 
:316 .. :338 
4·:g3. 1!l2 
435.251 
4:::::9" 20:::;; 
561.009 
491 .. 09:~:; 
449. '7'::'(6. 
4·35.205 
I.'t~58" :309 
441..2()7 
Ij72.969 
. 4-40. 6']8 
iJ.Tl .. 4·30 
469.964· 
433~199 
436.624 
"'l~52 .. 154 
436.594 
446.756 
Root mean squal"'e err·or - 51.258 
page 520 
20. 2 Summary 
Deviations from linear 
tI 11 2 
Reduction 
Deviations from linear 
tt " 3 
Reduction 
Deviations from linear 
" 4 
Reduction 
Deviations from linear 
11 It 5 
Reduction 
Deviations from linear 
" " 6 
Reduction 
D of F 
26 
25 
1 
26 
24 
1 
26 
23 
1 
26 
22 
1 
26 
21 
1 
SS 
80,969 
79,715 
1,254 
80,969 
76,702 
4,267 
80,969 
76,571 
4,398 
80,969 
74,214 
6,755 
80,969 
73,567 
7,402 
All values of F not significant (p > 0.05) 
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MS "F" 
3,189 
1,254 0.393 
3,196 
4,267 1.335 
3,329 
4,398 1. 321 
3,373 
6,755 2.003 
3,503 
7,402 2.113 
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20. 3 LTA 
PE(\RSCN PRODUCT t1CMEI'H CORREUH H1N COEFF I C I f.:NT 
***.~****************************************** 
OBE W\F(" X" 
NO. LT{'~ 
1. 149 .. '1·00 
"> .4~ 15{~i .. 200 
3 154. 100 
4 1 ~50" 400 
t::' 
.1 180 .. :3:00 
6 1 f.\.~5" 200 
7 150.500 
B 202" 5()O 
'1 15::; .. BOO 
lO 12~.5 .. 500 
11 160.400 
1 ... ·-:0 158 .. 000 
1", .. 
-', l~::"L 700 
14· 224 .. l()O 
15 1f31.BOO 
16 160.800 
17 1~:'53 .. BOO 
10 157.500 
1'1 154.500 
20 171. :WO 
21 1. ~S4·. 400 
~,I·~ 
.0:.. ..... 170.000 
23 175.700 
24· 1 :31 .. 4·00 
...... !:.~ ~;:; :tilE. 900 
26 1.::5~j. 300 
2"1 16'1.400 
28 160 .. '100 
NUMBER OF DATA PAIRS 28 
LTA 
!'1EAN 159 .. 7392856 
STANDARD DEVIATION 20.75517497 
VI',H" y" 
l~r1PO 
4·:U ,,000 
~~;4!5 n 000 
C':'11. " (lOO 
:3;53.000 
4t-,7 .. 000 
~$i.j.5 .. 000 
4·1 '1.000 
474.0(10 
47:3 .. ()OO 
:32L~" 000 
1l8[l.000 
45::: .. 000 
1.1 L!·B" OO() 
~5.~)6 ~ 000 
506,,000 
5:::E3 .. 000 
4· 79. 000 
41B.OOO 
458.000 
5;51 .. 000 
A·51 .000 
379 .. 000 
4l~j.OOO 
410 .. 000 
490. 000 
44~$. 000 
503.000 
520 .. 000 
l"i'1F'O 
447 .. 6.1+28573 
63.44797476 
CORRELATION COEFFICIENT 
WITH 26 DEGF\r:~ES OF FFlEEDot'i 
0 .. ~,:;,,::r37'7l. 35'~/2 
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20. 3 Continued ... 
1~[CRESSIClI\I LINE Wl'iPCl (Y) DN LII. (Xl 
v = lM81514202 X + 157.6933677 
OElS V(if~ " X VAH.V CI\LC. nESIDUI~L. 
ND. LTA t.IJI'"1F'O V. Y. 
1. 1./~·9. 400 '4·~27 " 000 4213 .. 1376 -1 .. 1376 
" ~~, 1~56 .. 200 :3 L!·t5 If 000 4Al.2l.9 -9l:h219 
-:~ 
.. ' 1 ~:)4 .. 1.00 391.000 '1·3'7. 4·07 -/1·6. 4()] 
'I 13().400 353 .. Oi)O :'94.3E18 -4:1. .. ~",8,'3 
:::) 1. clO • :::::00 46'7. 000 4Dij ... r},~l~M~ --17 ~ 96:~; 
6 11.1·5 .. 200 ::-!.f!.5 .. 000 <121 " 2::;2 _ .. 7 t'h :::~~) 2 
"1 1~50. 500 1119.000 430 .. f;172 -11 .f372 
B 202.500 414 .. 000 ~:525 .. 2:S0 -51. .. 260 
9 1 ~:S~S .. 800 'I·T!..OOO 440 .. '1·92 ~5:2" ~5(l[j 
l.0 j "",e;:' . . .::. , . .1 ~ ~.)OO :~;24 .. 000 :::;:El:5 .. L~9,(!· "-61 .. 4 Clf.j. 
11 160.4(:0 48f:l .. 000 .l1·4B.842 ~59 .. 11~;'C) ..0," 
12 j,5'3.000 45:: .. 000 4'1A. Lj·B6 8~514· 
1 .,' 
' .. ' 
1 :O;;;L "lOO I.I·/~·B .. 000 402. 1 q'"':!' . , ... ' 4~5 .. [~0'7 
14 224" 1.00 ~~jt::,6 K 000 564" '1-f.'7 :I " ~.)::::;3 
1 ~5 lB1.. [300 506~OOO 4B"I.686 18.314 
16 160.800 5::::;8 .. 000 449.568 BB. i~32 
1.7 15:3 .. 800 479.000 436 .. 862 '[2 .. 1 ~~:8 
lB :l t:Y7 .. ~500 '+18 .. 000 41).:$ • ~j7El -~2~5 .. ~S'7B 
19 1~54. ~500 4~'S8 .. 000 4:58. 1::;;3 1'7.1367 
20 171.200 551 .. 000 468.446 82.554 
2:1. l:A. 400 4~)1. 000 <1·:,7. "?51. 1. 3 . (, 4.';' 
22 :L'70 .. 000 :n·9.000 466,,26f.l -El'! . 26f3 
2:3 l.75."l00 lj.1~5. 000 476.614 -61 ,,61.4 
24 131.400 'HO .. 000 396.203 13.797 
.. )~-: 
~'"' 14B.900 490. 000 lj·2"1.968 62 .. 0:32 
26 l~55" 300 44~;. 000 'I· :::.~ 9 .. ~:5 B ~~7i 3 .. 41~:'j 
27 16'~. 400 503.000 4c):'5 .. 1'78 ~::7 .. 8;22 
28 160.900 520.000 449.750 70.250 
SUM OF SQUARES DF RESIDUALS 70371.344"16 
STANDARD ERR OH OF ESTIMATE 52.02489965 
20. 3 Continued ... 
Data file WFLTA 28 data pairs 
order 2 polynomial regression 
Polynomial fitted i. ,-
y - -210.186178 
+ X * 6~200273953 
+ XA 2 * -1.282577083E-2 
X DbsE.1r"v(;?d Y F'i'-l~C!ictc~d Y 
149.4·00 
156.200 
154· .. 100 
L30.400 
180 .. :300 
1 'I-~5. :WO 
l::jO .. 500 
202 .. ~500 
155~800 
:1.25 .. ~)OO 
160 .. 'wo 
15B .. OOO 
134.700 
224.100 
181.800 
160.800 
1~)3 .. 800 
157 .. 500 
154 .. 500 
17:l.200 
154.400 
170.000 
175.700 
1:31 .. 400 
148.900 
155.300 
169.400. 
160.900 
427.000 
~$~l5. 000 
:'::"?l, .. 000 
35~5 .. 000 
467.000 
34~5" 000 
4Ft. 000 
474.000 
4-73~OOO 
324.000 
48a.OOO 
l~·5:~~; .. (lOO 
448.000 
566.000 
506.000 
~5~~~8" 000 
4·79.000 
41B.OOO 
4~58. 000 
~551 M 000 
451.000 
:~:79. 000 
415.000 
'~10 .. 000 
4'10.000 
443.000 
503.000 
. ·~)20 .. 000 
4·29 .. 859 
If 11·:) " ~5t,~l 
11· LI· 0 ~ '705 
~580. 2:38 
;l90~ 7B2 
419 .. 687 
432" 44fJ 
519 .. 1t:3::::' 
4 ·'14. 'IB8 
~36~5 .. 939 
4~54 .. ::::;5.1l 
4 ll c.:) .. 2"75 
5:55 .. 175 
493.116 
45:5.1.87 
'[40. (.no 
44B. 1 <,'a 
'1-41 . 602 
475 .. -385 
441.37a 
47:::;.196 
483.264 
:58::". OB 1 
42B .. b'72 
44·:::; .. 38:3· 
.472.087 
L~55. :~~\94 
F':oot mean squar'e err"oY" ::;:: 49. :331 
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20. 3 continued ... 
Data file WFL.TA 28 data pairs 
order 3 polynomial regression 
Polynomial fitted is . 
Y - -3297"929495 
+ X * 62.03911127 
+ XA 2 * -0.3434588114 
+ XA 3 * 6.400154564E-4 
x 
14'J.400 
156 .. 200 
1.~j4. lOO 
:1.:":0 .. 400 
1 [lO. :3:00 
145.200 
150 .. 500 
202.500 
1 :)~::i .. 800 
125 .. 500 
160.400 
1ci13.000 
1 :,;4.700 
22L~. 100 
1 Ell. 800 
160.800 
1~j3 .. 800 
157" ::;00 
154.500 
171.200 
1 ~54· • 4f.'() 
170.000 
17ti.700 
131.400 
l,48. 'JOO 
1~.:;5 .. 300 
169.400 
160.900 
42'7.000 
34·5" 000 
391 .. 000 
::~;~~j:~; w 000 
467.000 
:::'~4~) .. COO 
41'1 .. 000 
4'74.000 
473.000 
324 .. 000 
488.000 
453.000 
44·8 .. 000 
::56/.:>" 000 
506.000 
538,,000 
4'!'J.000 
'Hf3.000 
458 .. 000 
551.000 
451.000 
37(~) .. 000 
4·15.000 
410.000 
490.000 
44::": .. 000 
503.000 
520.000 
438,,1~24 
4:51.843 
4L~8 .~'OI3 
::::;70 .. 87~5 
'J,73" 796 
1~·28 .. 2·46 
4-41 .. 25 i i· 
'~·\;)5 .. 57 1 
4~) 1" 200 
34:::':; .. 50'7 
45-7.794 
4t":;L!· n ei6~7; 
~!.91.1'15 
5~}("i. 291,,7 
474.712 
4~8M292 
4'j·].770 
4t.):3. B36 
1j.l.~9.013 
468.0:3:5 
44fl. K,EI 
'1"'!.1.~56 
'1·71.00'1 
:575.897 
4~)"7" 675 
i.t~50 y 37'7 
466.6'1D 
4513.414 
Root mean square error = 48.060 
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20. 3 Continued ... 
Data file WFLTA 28 data pairs 
order 4 polynolnial regl~ession 
Polynomial fitto(j is :-
y ~- ~j:~\27 .. 0166 
+ X * -145~5636297 
+ XA 2 * 1"506419959 
+ XA 3 * -6~591537887E-3 
+ XA 4 * 1.04627747E-5 
X Observed V Predicted Y 
1 Lf·9. 400 
156 .. 200 
l.::.;4. lOO 
l~:O .. 400 
lS0.300 
145 .. 200 
150.500 
~,;~02" !:iOO 
1~j5 .. 800 
125 .. 500 
160.400 
1 ~:)8 .. 000 
134.700 
224 .. 100 
1Bl. SOO 
160.800 
15:5.800 
157 .. 500 
1~.:i4. 500 
171.200 
154.4.'00 
170.000 
175.700 
1:'H .400 
1 LJ·B. '700 
155 .. 300 
169.400 
160.900 
427.000 
34-~5 .. 000 
~":,81. 000 
:35::::: .. 000 
467.000 
34·5.000 
41.9.000 
474 .. 000 
-173.000 
::"\24.000 
4BB .. Oo.O 
1.1·5:::;',,000 
44·S.000 
566 .. 000 
506.000 
~)~5B .. 000 
'l·7'1.000 
41S.000 
458.000 
~551. .. 000 
4::; 1.000 
~;79. 000 
415.000 
410.000 
490.000 
'lA::; • () 0 () 
503 .. 000 
520.000 
4~::'5 .. fJ:35 
452 .. 005 
44"7 .. 439 
370 .. ~l~50 
475 .. 159 
IJ·23. :542 
LJ·3Fl. 5B'~ 
'Hl1.71.6 
451.1.70 
~\51. 571 
459.797 
45~5" ~3t.j4· 
~~:8b. 1':161 
563.959 
4"15 .. 293 
460.446 
4'l-b. "750 
454.60B 
448 .. ~5.q·:3 
471. 9b;~ 
4413.11Cl 
471. 125 
474. 15S' 
374 .. 3(X5 
lr54 .. 25~5 
.£1·50 .. 10~::' 
'PO. 662 
460.605 
Root me.n square error - 47.1':154 
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20. 3 Continued ... 
Data file WFLTA 28 data pair. 
order 5 polynomial regression 
Polynomial fitted is ~-
Y - 1062"333426 
+ X * -6.03373611 
+ XA ? * -OH2916721953 
+ XA 3 * 4.817929312E-3 
+ X A4 * -2 ~ 5188325:39E -t:i 
+ XA 5 * 4.389139148E-8 
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X Ob.arvad Y Predicted Y 
. . . ~ .... 
149.40!) 
156 .. 20(j 
1!:i4 .. 100 
1:30.400 
180.300 
l.4-5.200 
:l ~:;O .. 500 
202 .. :':;00 
155.800 
125 .. 500 
160.400 
15B.OOO 
1;54.700 
224.100 
lBl. BOO 
160.BOO 
1~7j3n 800 
157 .. ~500 
154.500 
171.200 
:l ;:i4,. 400 
170.000 
175.700 
131..400 
148. <,00 
1~)5. 300 
169.400 
160.900 
427 .. 000 
345 .. 000 
:3<71.000 
3~)::::: .. 000 
'1,67.000 
:345.000 
41.9.000 
474.000 
473MOOO 
324·.000 
4·88 .. 000 
4:53.000 
4413.000 
~566. 000 
506.000 
53f3.000 
479.000 
418.000 
458.000 
551 .. 000 
4~51. 000 
37'7. (lOO 
415.000 
410.000 
490.000 
4~:5. 000 
50~~. 000 
520 .. 000 
434.918 
451 .. "785 
'iA'7 .. 0 3:;,:~ 
T70. 'lEi7 
W76.1.:59 
422 .. 523 
1.1·37" '-?28 
11,77.8D::; 
4~:}O. 912 
352'n-566 
459.99'7 
4·55~~)1'':; 
:3f36.660 
565 .. 062 
476.136 
460.688 
446.c':l9 
4,,54 .. 514 
447.970 
473.06'7 
4'~7. T37 
4'72~16'7 
475.344, 
~574. 50~":':i 
4:::'~~3~516 
4-49. BOO 
471.668 
460.858 
.'~ '." 'C' ••. " ..... , 
• 
20. 3 Continued ... 
Data file WFLTA 28 data pairs 
order 6 polynomial regr-ession 
Polynomial fitted is ,-
Y = 16585.06184 
+ X * -378.7779076 
+ XA 2 * 2"494229273 
+ XA 3 * 4"456373732E-3 
+ X~4 * -1. 172522588E-4 
+ X·····6 
* 
-6. 131 'i':5'i'4E-l 0 
X ()bs:~I'~vE.~d Y Pr'edi cte,d 
149. 'l·OO 427.000 1I·~~::4 .. 325 
1 ~:)6 .. 200 :545.000 4::)2. 'le) 1 
154 .. 100 :3:91.000 IIA7.676 
1::0:0.400 35:~::' .. OOO 369.206 
180.300 467.000 4T3.494 
145.200 ~~)4~5 .. 000 420 .. 521 
150.500 419.000 4::~7.671 
202.500 'J."14·.000 480.790 
155 .. 800 47:::.00.0 451 .. 85:3 
125.500 ::52'<+ .. 000 357 .. 4·02 
160.400 11813.000 461 .. 257 
1.58.000 453.000 456.701 
1:!:4.700 4·413.000 382.992 
224·" 100 ~j66" 000 564 .. 56B 
181.800 506 .. 000 473 .. 245 
1.60.800 5:38n 000 461. °/42 
15~).800 479.000 44·6.901 
157 .. ~:;OO 41.13.000 45~5" 655 
154 .. 5t)O 458.000 4413.692 
1. 71.200 551.000 472 .. 652 
1.~j4. 400 451.000 441:3. '1AO 
170.000 ::':79.000 472 .. 0~j·'1· 
],75.700 4l5.000 4"r$ .. 74i~ 
131. 400 410.000 372. 196 
14·8.900 490.000 1.J·3~~. 76"'t 
1,55. :~f,OO 44·3.000 450.662 
169.400 50:-$.000 471.69'i 
160.900 520.000 '162. 110 
Root mean square er-ror- .. - 48.013 
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20. 3 Summary 
Deviations from linear 
" " 2 
Reduction 
Deviations from linear 
" 3 
Reduction 
Deviations from linear 
" 4 
Reduction 
Deviations from linear 
" It 5 
Reduction 
Deviations from linear 
It 11 6 
Reduction 
D of F 
26 
25 
1 
26 
24 
1 
26 
23 
1 
26 
22 
1 
26 
21 
1 
ss 
70,371 
68,139 
2,232 
70,371 
64,673 
5,698 
70,371 
64,120 
6,251 
70,371 
64,000 
6,371 
70,371 
64,547 
5,824 
All values of F not significant (p > 0.05) 
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MS "F" 
2,726 
2,232 0.819 
2,695 
5,698 2.114 
2,788 
6,251 2.242 
2,909 
6,371 2.190 
3,074 
5,824 1.895 
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20. 4 SIH 
PEARSON PRODUCT t10MENT CORRELAT I ON COEFF I C I ENT 
**************************************~******* 
OBS VAR. x. 
NO. SIH 
1 76.500 
2 71.800 
~ 
-' 
73.200 
4 78.800 
5 73.800 
6 80.200 
7 78.500 
8 78.500 
9 77.500 
10 73.800 
11 78.300 
12 74.400 
13 77.800 
14 85.900 
15 82.500 
16 81.800 
17 81.700 
18 81.400 
19 78.000 
20 87.800 
21 76.500 
22 74.900 
23 81.300 
24 76.600 
25 83.300 
26 79.000 
27 84.800 
28 89.800 
NUMBER OF DATA PAIRS 28 
SIH 
i"IEAN 79.22857136 
STANDARD DEVIATION 4.446126679 
VAR. Y. 
WMP 
427.000 
345.000 
391.000 
353.000 
467.000 
345.000 
419.000 
474.000 
473.000 
324.000 
488.000 
453.000 
448.000 
566.000 
506.000 
538.000 
479.000 
418.000 
458.000 
551.000 
451.000 
379.000 
415.000 
410.000 
490.000 
443.000 
503.000 
520.000 
WMP 
447.6428573 
63.44797476 
CORRELATION COEFFICIENT 0.6862063259 
WITH 26 DEGREES OF FREEDOM 
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20. 4 Continued ... 
REGRESSION LINE WMP (Y) ON SIH (X) 
----------------------------------
Y - 9.792433903 X - 328.197691 
OSS VAR.X VAR.Y CALC. RESIDUAL 
- NO. SIH WMP Y. Y. 
1 76.500 427.000 420.924 6.076 
2 71.800 345.000 374.899 -29.899 
3 73.200 391.000 388.608 2.392 
4 78.800 353.000 443.446 -90.446 
5 73.800 467.000 394.484 72.516 
6 80.200 345.000 457.156 -112.156 
7 78.500 419.000 440.508 -21 .. 508 
8 78.500 474.000 440.508 33.492 
9 77.500 473.000 430.716 42.284 
10 '73 .. 800 324 .. 000 3"/4.4E14 -'70.484 
1 1 78.300 488.000 438.550 49.450 
12 74.400 453.000 400.359 52.641 
13 77.800 448.000 433.654 14.346 
14 85.900 566.000 512 .. 972 53.028 
15 82.500 506.000 479.678 26.322 
16 81.800 538.000 472.823 65.177 
17 81.700 479.000 471.844 7.156 
18 81. 400 418.000 468.906 -50.906 
19 78.000 458.000 435 .. 612 22.388 
20 87.800 551 .. 000 531 .. 578 19.422 
21 76.500 451.000 420.924 30.076 
22 74.900 379.000 405.256 -26 .. 256 
23 81.300 415.000 46'7.927 -M52 .. 927 
24 76.600 410.000 421.903 -11.903 
25 83.300 490.000 487.512 2.488 
26 79.000 443.000 445 .. 405 -2 .. 405 
27 84.800 503.000 502.201 0.799 
28 89.800 520.000 551 .. 163 -31.163 
SUM OF SQUARES OF RESIDUALS 57511.43317 
STANDARD ERROR OF ESTIMATE 47.0316723 
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20. 4 Continued ... 
Data file WSIW 28 data pai~s 
order 2 polynomial regression 
Polynomial fitted is • 
y = -247.6002581 
+ X 
* 
7.780523518 
+ X·· ... 2 
* 
1.25159611E-2 
X Observed Y P~edicted Y 
76.500 427.000 420.856 
71 .• 800 345.000 375.564 
73.200 391.000 388.998 
78.800 353.000 443.222 
73.800 467.000 394.770 
80.200 ::':;45.000 456.901 
78.500 419.000 440.297 
78.500 474.000 440.297 
77.500 473.000 '~30. 564 
73.800 324.000 394.770 
78.300 488.000 438.349 
74.400 453.000 400.551 
77.800 448.000 433.482 
85.900 566.000 513.100 
82.500 506.000 479.480 
81.800 538.000 472.594 
81.700 479.000 471.611 
81.400 418.000 468.665 
78.000 458.000 435.428 
87.800 551.000 532.013 
76.500 451.000 420.856 
74.900 379.000 405.376 
81.300 415.000 467.683 
76.600 410.000 421.826 
83.300 490.000 487.364 
79.000 443.000 445.173 
84.800 503.000 502.191 
89.800 520.000 552.020 
Root mean square error = 45.320 
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20. 4 Continued ••• 
Data fila WSIW 28 data pairs 
order 3 polynomial regression 
Polynomial fitted is :-
y = 2789.609688 
+ X 
* 
-105.7691997 
+ X'~~2 
* 
1.424029318 
+ X· .... 3 
* 
-5. 833845264E-3 
X Observed Y Predicted Y 
76. ~:'j()0 427.000 420.2.c.'l6 
71.800 345.000 377.218 
73.200 391.000 389.426 
78.800 353.000 442.898 
73.800 467.000 394.835 
80.200 345.000 456.947 
78.500 419.000 439.908 
78.500 474.000 439.908 
77.500 473.000 430.009 
73.800 324.000 394.835 
78.300 488.000 437.919 
74.400 453.000 400.339 
77.800 448.000 432.966 
85.900 566.000 513.954 
82.500 506.000 480.155 
81.800 538.000 473.094 
81.700 479.000 472.085 
81.400 418.000 469.055 
78.000 458.000 434.944 
87.800 551.000 532.131 
76.500 451.000 420.246 
74.900 379.000 404.993 
81.300 415.000 468.046 
76.600 410.000 421.215 
83.300 490.000 488.200 
79.000 443.000 444.897 
84.800 503.000 503.153 
89.800 520.000 550.381 
Root mean square error = 45.317 
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20. 4 Continued .•. 
Data file WSIW 28 data pairs 
order 4 polynomial regression 
Polynomial fitted is ,-
y = 52047.7802 
+ X 
* 
-2414.119761 
+ X··· .. 2 
* 
41.75203262 
+ X .. · .. 3 
* 
-0.3170001341 
+ X'~4 
* 
8. 94239656E-4 
X Observed Y Predicted Y 
76.500 427.000 417.565 
71.800 345.000 385.085 
73.200 391.000 391. 107 
78.800 353.000 441. 820 
73.800 467.000 394.808 
80.200 345.000 457.437 
78.500 419.000 438.520 
78.500 474.000 438.520 
77.500 473.000 427.'766 
73.800 324.000 394.808 
78.300 488.000 436.336 
74.400 453.000 399.079 
77.800 448.00(; 430.945 
85.900 566.000 516.434 
82.500 506.000 482.831 
81.800 538.000 475.230 
81. 700 479.000 474.133 
81.400 418.000 470.824 
78.000 458.000 433.089 
87.800 551.000 531.931 
76.500 451.000 417.565 
74.900 379.000 403.024 
81.300 415.000 469.716 
76.600 410.000 418.553 
83.300 490.000 491. 290 
79.000 443.000 444.033 
84.800 503.000 506.296 
89.800 520.000 545.268 
Root mean square error = 45.572 
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20. 4 Continued ... 
Data file WSIW 28 data pairs 
order 5 polynomial regression 
Polynomial fitted is :-
y = 16992.16122 
+ X lE- -708 .. 2515306 
+ X'~"2 lE- 10.06607804 
+ X·~··":" 
'-' 
lE-
-4.280403687E-2 
+ X'-'4 lE- -i.543462292E-4 
+ X·", 5 lE- 1.201717623E-6 
X Observed Y Predicted Y 
76.500 427.000 419 .. 245 
71.800 345.000 380.123 
73.200 391.000 390.043 
78.800 :::'~53. 000 442.500 
73.800 467.000 394.819 
80.200 345.000 457.138 
78.500 419.000 43c'.393 
78.500 474.000 439.393 
77.500 473.000 429.173 
73.800 324.000 394.819 
78.300 488.000 437 .. 331 
74.400 453.000 399.866 
77.800 448.000 432.213 
85.900 566.000 514.880 
82 .. 500 506.000 481. 166 
81.800 538.000 473.903 
81.700 479.000 472.861 
81.400 418.000 469.727 
78.000 458.000 434.253 
87.800 551.000 532.038 
76.500 451.000 419.245 
74.900 379.000 404.257 
81.300 415.000 468.680 
76.600 410.000 420 .. 222 
83.300 490.000 489.366 
79.000 443.000 444.579 
84.800 503.000 504.334 
89.800 520.000 548.439 
Root mean squa~e error = 45.395 
20. 4 Continued ... 
Data file WSIW 28 data pairs 
order 6 polynomial regression 
Polynomial fitted is :-
Y = 120281.3953 
+ X * -1839.818159 
+XA2 * -63.34640746 
+ X'''3 * 1.369890498 
+ X"'4 
* 
-1.962951224E-4 
+ X····:5 
* 
-1.374302316E-4 
+ X"'6 
* 
7. 239172599E-7 
X Observed Y Predic:ted 
76.500 427.000 414.070 
71.800 345 .. 000 398.752 
73.200 391.000 388.253 
78.800 353.000 446.489 
73.800 467.000 388.805 
80.200 345.000 464.110 
78.500 419.000 442.345 
78.500 4·74.000 442.345 
77.500 473.000 428.103 
73.800 324.000 388.805 
78.300 488.000 439.536 
74.400 453.000 391.696 
77.800 448.000 432.409 
85.900 566.000 500.288 
82.500 506.000 484.397 
81.800 538.000 479.450 
81.700 479.000 478.658 
81.400 418.000 476.148 
78.000 458.000 435.273 
87.800 551.000 517.126 
76.500 451.000 414.070 
74.900 379.000 395.572 
81.300 415.000 475.267 
76.600 410.000 415.426 
83.300 490.000 488.903 
79.000 443.000 449.193 
84.800 503.000 495.327 
89.800 520.000 563.398 
Root mean square error = 48.828 
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20. 4 Summary 
Deviations from linear 
" It 2 
Reduction 
Deviations from linear 
• 3 
Reduction 
Deviations from linear 
tI 11 4 
Deviations from linear 
• 5 
Deviations from linear 
11 11 6 
D of F 
26 
25 
1 
26 
24 
1 
26 
23 
26 
22 
26 
21 
SS 
57,511 
57,509 
2 
57,511 
57,502 
9 
57,511 
58,151 
57,511 
57,700 
57,711 
66,757 
Values of F not significant (p > 0.05) 
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MS ttFII 
2,300 
2 0.001 
2,396 
9 0.004 
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Appendix 21 
Analyses of covariance for the relationships between mean 
power output during the Wingate Anaerobic Test and the 
anthropometric indices of the lower limb in men and women 
21. 1 LLV 
OBS 
NO. 
1 
,-, 
.:. 
:~; 
4 
1::;' 
.! 
6 
7 
fJ 
'] 
10 
11 
12 
13 
14 
15 
16 
1"7 
IB 
19 
20 
2:L 
''?'" 
..:....:. 
2:::'~ 
24 
'''It::' 
"'; . ..J 
26 
27 
2B 
29 
30 
31 
32 
::::;3 
34· 
35 
36 
37 
3(3 
39 
40 
"1·1 
42 
43 
41.f. 
4~) 
46 
page 539 
PEARS ON PRODUCT MOMENT CORRELATION COEFFICIENT 
************.~*********************** .• ********* 
VI~R. X. 
L.L.V 
7.030 
'/,,470 
EI.DOO 
7.440 
7. 160 
'7.690 
7.500 
6 .. L~30 
EI.410 
7.730 
6.700 
6.720 
7.'no 
B.460 
13.470 
6.910 
B.500 
7.820 
4.790 
4,.550 
4.940 
~j,,260 
~:.;. 540 
Lj ... 9~)O 
4,. ~500 
'7 .. 320 
5.090 
3 .. :::;70 
4.630 
4.9::,0 
4-. ~;:30 
7 .. 890 
6.B20 
5.460 
5.380 
5.6BO 
5.090 
5 .. 970 
4.950 
~ 
;;;). 100 
5.910 
4. 190 
5.000 
~) .. 7550 
5 .. :580 
~5. 600 
wm. V. 
:::'~OMP 
67~:;. 000 
612.000 
T'54.000 
672.000 
789.000 
64:5.000 
640.000 
t,29.000 
80B.0('0 
68(11 .. 000 
649.000 
67(;1.000 
732 .. 00(1 
760.000 
"71:~:" 000 
661.000 
7:37 .. eoo 
699.000 
1.j·::?7 .. 000 
3·q·5.000 
:~~91. 000 
::~~)~5 .. 000 
467.000 
345.000 
419 .. 000 
'1·711 .. 000 
'1T5.00') 
324.000 
4813.000 
453.000 
44B.OOO 
:566 .. 000 
~306 .. 000 
53fJ.OOO 
479.000 
418.000 
458.000 
5~51. 000 
4~5i. 000 
:5"79.000 
415.000 
'~10. 000 
490.000 
443.000 
50~3 .. 000 
520 .. 000 
NUMBER OF DATA PAIRS 46 
.. '-, .- ,- -. ..:~ -, '." 
21. 1 Continued ••. 
LLV 
MEAN 6.20826087 54-4. 717~~:cl1 
STANDARD DEVIATION - 1.413472171 1 :::'~6" 2245961 
CORf,(ELATION COEFFICIENT 0.8833065347 
WITH 44 DEGREES OF FREEDOM 
REGRESSION LINE 30MP IVI ON LLV (X) 
v ..... El~.~ n 1294269:::'\ X + 16.2117()()'12 
OB8 VAR.X VAR.V CAL.C. 
NO .. LLV 30l"iP V. 
l. '7.0:0:0 67~5 .. 000 .!:d4 .. 672 
,-, 
~ 7.470 6l2~ 000 6r.::: r ) ....... .:.. .. 129 
3 8.800 734-.000 7 6~5 n :~::51 
4 7.440 672.000 64·9.575 
,~' 
.J -7. 160 789.000 62~j. T3B 
6 7.690 64:5" 000 670. El~:j7 
7 7 n ~:;OO 640. 000 654.682 
8 6.430 629 .. 000 563 .. ~S94 
9 B.410 BOB.nOn 7:3:2 .. ],50 
:lO 7. T3:0 6139. 000 674 .. 262 
11. 6 .. 700 649.000 ~~86. 57'7 
12 6 .. 720 679.0('0 5B8.2Bl 
13 7 .. 970 7:32.000 694.69:3 
14 El.460 760.000 7:'.6.407 
1 !5 13" 11·70 71 ",.000 ·737.2=iI:1 
16 6.910 661.000 604. '[56 
17 8.500 T:';7 .. 000 7~::;9 .. 812 
lB 7. B:W 699. (lOC) 681.924 
1 ci 4. 790 42"1. 000 1.1· ~.::: ~-~; • 9!:12 
20 L~ .. ~5~.50 :-S4~~) .. 000 40:2.:;" 551 
:21 4.940 391.000 436.751 
22 5.·260 :$53.000 463.992 
r:.-::-
":"._' 5 .. ~j40 467.000 4B7.B29 
24 4· .. 9~50 34~). 000 4:'$"7" 602 
25 4.500 419 .. 000 39'7>.294-
26 7. ~520 474.000 639.359 
27 5.090 47:3:.000 1·1--49.520 
28 ~:. M ~570 324.000 :$20~ 124 
29 4.6:;;0 4El8.000 410.~~bl 
:':;0 4.930 ..'.j·~5:::'~. 000 435.900 
31 4 .. ~~;30 4-48. 000 384.822 
:;:;2 7.890 566.000 68I. 813~) 
:::::~~ 6.820 !506.000 596. -794 
3L~ ~3. 460 538.000 481.0113 
<~ ~'-' 5 .. 380 479.0()0 474.20B 
:-$6 5.6130 418.000 499.747 
37 5 .. 090 458.000 449 .. 520 
3B 5,,<'770 551.000 ~j24 .. 434-
39 4.950 451. 000 lj-:57.602 
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f,(ESIDUAL. 
Y. 
6 0 ~ ~~:; :~: f:1 
--40. l29 
-~51 .. 351 
22 .. ;l2~) 
163"26)2 
-<:;:~ ~:5 .. 8 ~:j'7 
-l.4 .. l;)8'2 
65.4-06 
75 .. 850 
14" Tm 
62 .. /~·21. 
90.719 
37.307 
,-.,":,. 
.::"-~ " 59:::~ 
-2L~ .. 2~5f3 
56.544 
-,2 .. 812 
17.076 
3.018 
w~t:;8 ~ ~:)51 
-4·5 .. 7~:)1 
-110.992 
-,20 .. B~.::;9 
~"·92. 602 
1'~" '706 
-16~5 .. :::;:59 
2:3 .. 4f:30 
::;.876 
Tl. 6::~9 
17. 100 
63. 178 
·-121.BB3 
--90. ]''14 
56.982 
4.792 
-81.747 
8.4[30 
26 .. 566 
1:0:. c;'1!3 
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21. 1 Continued ... 
40 ~ '-'. 100 37';>.000 450 .. 372 -71.372 
41, ~ ". 910 415 .. 000 519. :327 -10'L 32'7 
4~,Z 4. l'10 410.000 :2.~72 .. 904 3'7 to 0'16 
43 5"000 490.000 441..859 413. 1').1 
44 ~5 M ::::;~jO 44:;.000 471. 654, -28,.654 
45 ~). 580 :503 .. 000 491.234 11. 766 
.-. 
46 5" C,)OO 520,,000 4'1:2.9::":6 2'7.064 
SUM OF SQUARES OF RESICUALS 183523.2633 
~,TI"NDnFm ERROR Of" EST! IVli-',TE 64. 51:13 '[ 4994 
Men 
Women 
Pooled 
21. 1 Summary 
df 
17 
27 
44 
8.6 
22.1 
30.7 
Combined 45 89.9 
~xy 
403 
934 
1,337 
52,082 
108,692 
160,774 
page 542 
Dev from reg 
Reg Coeff df SS MS 
46.82 16 
42.21 26 
33,215 
69,250 
42 102,465 
43.50 43 102,613 
2,076 
2,663 
2,440 
2,386 
Difference between slopes 1 148 148 
7,653 835,071 85.13 44 183,523 
Between adjusted means 1 80,910 80,910 
Mean Squares, F = 2,663/2,076 = 1.283 df 16,26 ns (p > 0.05) 
Comparison of slopes, F = 148/2,440' = 0.061 df 1,42 ns (p > 0.05) 
Comparison of elevations, F = 80,910/2,386 = 33.910 df 1,43 
(p < 0.001) 
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21. 2 LULV 
I~EI\RSUN PFWDUCT 1"IOI1"NT CORHE~UYTIOI\I COEFFICIEI'·rf 
********************************************** 
DES W)['. X. VAR. Y. 
NO. ULL V ~'JI'1P 
1 
'? 
<-
4 
5 
" -, 
8 
9 
10 
11 
1 " 
1 :'2.~ 
14 
1. ~s 
16 
17 
1.8 
19 
20 
21 
22 
34 
35 
~~~6 
37 
38 
39 
40 
If! 
42 
43 
4't 
45 
46 
'1.7E30 
4.900 
~5 .. 720 
~5. 2~:O 
4· w ~')40 
5 .. :;:50 
4.910 
4. :340 
:5 .. 660 
5.4BO 
4.690 
1~ .• 260 
~;. 240 
5.760 
!::in 260 
,~. 7'70 
5 .. 9~20 
t:'"' 
-J. 170 
~3 .. :1.10 
3 .. 020 
~~:; .. 290 
~~ 
'-~ .. 6'70 
;:";.740 
~3 .. 320 
::;::" 130 
;:;; .. ObO 
:3~ 440 
2 .. 260 
:;;; .. 140 
"":!' 
,," 180 
2. 7f:30 
::j .. 250 
4.580 
3.520 
3" 170 
~!. .. 620 
~.::: .. :390 
3. 770 
3.380 
~,;. ~$OO 
:;:;. 740 
2" 6.110 
3.010 
.> 
...>. 550 
3.270 
3. 480 
NUMBER OF DATA PAIRS 46 
675 .. 000 
61.2.000 
T34.000 
672.000 
789.000 
64::.)" 000 
640. 000 
629 .. 000 
80fl.OOO 
6fl9.000 
64'l.000 
679.000 
732 .. 000 
760.000 
7n" (lOO 
66:1. .. 000 
737.000 
6Q9 .. 000 
ll·27 .. 000 
~5J+~:j .. 000 
:38:1. .. 000 
352::.000 
467.000 
34-::";" 000 
fI. :I. I.? .. 000 
4·7"l·" 000 
4T~~. 000 
324 .. 000 
488,,000 
Lj·53 .. 000 
44[1. 000 
5b6 .. 000 
506 .. 000 
5~::'8. 000 
479 .. 000 
41.8,,000 
45B .. OOO 
551 .000 
45:1..000 
37'1.000 
4·1~5 .. 000 
Ij·1.0. 000 
490.000 
443.000 
50:::;;.000 
520 .. 000 
21. 2 continued ... 
ULLV WMP 
MEAN 4.104565218 
STANDARD DEVHHION 1.0002126",i8 
54.1J • 11.7391 
136 .. 22459,~1 
CClHHELATI Di'! CUEFF I C I ENT O. 8602:';7~:iZ:;3 
WITH 44 DEGREES CIF FHEEDClM 
REGRESSION LINE WMP (V) ON ULLV (X) 
-------_._--_._._---_ .. __ ... _---_ .. _-----------
V ::::: 117. 160~i94::::; X ;- 63~82409072 
DB,,> VAF~ .. X V{'IFe. V CAl...C. 
\\ID. ULLV W111'" Y. 
1 4.780 6'75 .. 000 623 .. B52 
2 4"900 612 .. 000 6:'.;'7.911. 
.:~ 
'-' 
5.720 :'1:':::4 .. 000 7:5:',. 9ErJ 
4 5.2:::;0 6 "!;:~. 000 1:.176 .. ~~;7·4 
~ . 
•. J 4 .. 5'to "'Ell? .. OOf.) 59~) .. 7:~~3 
6 ~~.:i .. ~::; ~3 0 64~j. 000 690 .. 6::::;::~; 
7 'I .• <;. 1. 0 640.000 6:::~(? u 0f:l3 
8 4 .. ~,40 62 c/ .. 000 572.301 
9 ~ ...J. 660 BOB.OOO 726 .. (j153 
10 5 .. 4BO 61:39.000 705 .. 8tS4 
l.1 4.690 6 11.<;>. 000 61.:,. :507 
12 4 .. 260 619.000 562.928 
l3 5 .. 2i~·O 7:32.000 677.746 
14 5.760 "160 .. 000 7::;:;8 .. 669 
1 ~::-
.d 5 .. 260 71.~'. 000 61:30. OB'~ 
l6 4.790 661. .. 000 625.02:3 
17 5 .. 920 7:~;7. 000 757.415 
113 1:::' eJ. 170 699.000 669.544 
1'7 :3 .. 110 427.000 428. 194 
20 ::::; .. 020 ::':;·1,::5.000 417.649 
21 3.290 39LOOO 4A9.282 
22 3.670 ::::;~53. 000 493. BO::;:; 
.~\~;>' 
~~.,~:, 3.140 4·67.000 502 .. 005 
24 ::~ .. :::;:20 :3 l l·5.000 4!52.79·' 
25 7 • .> • 1:30 419.000 4,~50. 537 
26 5.060 474.000 656.657 
:7:~7 ~;. IjAO 473"°(1) 4'0)6. 8 t.':'-), '"' . 
28 2 .. 260 324·.000 :';2B .. 607 
29 ~~) . 140 48EJ.OOO 11-:;; 1.708 
30 ., 
-' . l80 4:=::)3 .. 000 11·36. :::::95 
:0; l 2 .. 780 440 .. 000 ~$t~lt.:? .. !5::::; 1 
:::::2 5.250 ~j66 .. 000 67tl .. 917 
:'$3 4 .. 580 50t).OOO 600.420 
34- =5 .. 520 530.000 476.229 
3~j ~$ .. 170 4'7'1.000 4""1;"~' ....;. .. J M r.",,?-;~ ,0:: • ..:;..';:' 
:;;;6 ":~ '-~ .. 620 418"000 4f.l'7. 94~5 
37 3 .. 390 4·58.000 460.99'7 
38 ., .. , . 710 551.000 505.520 
39 3 .. 380 4~)1. 000 lj·59. B27 
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F:ES I DUI·\L. 
V. 
51- 1"18 
-:;;:~~.:5 .. 91.1 
o. Cll1 
-"+.574 
1 S':3. 2t.'J7 
-4~3 .. 6:3~~~ 
0.917 
56 .. 6'/9 
B 1 .. 047 
· .. ·1.6. B6·1 
:!'~~5 ~ 6'·;>:3 
116.072 
51.J·.254 
21 " :331 
~52 .. 91 1. 
::::;~5. 9T7 
-20. 41~3 
29 .. 4-56 
.-1. 19 f 1· 
-72 .. 64<7' 
-~)8" 282 
-140.80:3 
-:::.~:;" OO~5 
-107.791 
-11 .. ~)37 
-182.657 
6. 1.4:;' 
-4. 607 
56. 29~':~ 
16.605 
5t1. 46'7' 
-11.2.91'7 
-'74.4·20 
61..711 
4~5 .. 7'1'7 
-69 .. 9£1·5 
--2.999 
45.4£lO 
-·a. f:l21 
page 545 
21. 2 Continued ... 
40 :::: " ~$OO :~::'79. 000 450. I.!.~.i.lj. .-n. M 4~)lf 
Ll1 ::;.740 415.000 502. 005 --B"? ,,005 
42 2.640 410. 000 373. 1:'8 :36 .. 87~,"2 
·1·~.5 3.010 490 .. (.lOO 416 .. I.I·T7 7::; .. ::j2~~:; 
4A :~~ .. ~)50 443.000 'r79.744 -·:::;:6 .. '744 
i~5 3 .. 270 503.000 4'1·"" 939 ~j(~ .. 061 
46 :3 .. 'H:10 520.000 4'71 .. 543 4B. 4~:57 
SUM OF SQUARES OF RESIDUALS 217111.3,,31 
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21. 2 Summary 
Dev from reg 
df 'Zx2 'Zxy 'Zy2 Reg Coeff df SS MS 
Men 17 4.1 229 52,077 55.63 16 39,337 2,459 
Women 27 10.9 551 108,702 50.34 26 80,969 3,114 
42 120,306 2,864 
Pooled 44 15.0 780 160,779 51. 78 43 120,415 2,800 
Difference between slopes 1 109 109 
Combined 45 45.0 5,274 835,022 117.16 44 217,111 
Between adjusted means 1 96,696 96,696 
Mean Squares, F = 3,114/2,459 = 1.266 df 26,16 ns (p > 0.05) 
Comparison of slopes, F = 109/2,864· = 0.038 df 1,42 ns (p > 0.05) 
Comparison of elevations, F = 96,696/2,800 = 34.534 df 1,43 
(p < 0.001) 
21. 3 LTA 
page 547 
F'EP,RSON PFlODlJCT MOMENT CORF:ELA TI ON COEFF I C I Etn 
********************************************** 
OBS VAR. x. VAR. V. 
NO. 
1 
~ . 
. ..:. 
5 
(" 
7 
B 
9 
10 
11 
12 
13 
14 
1 ~;:j 
it. 
17 
lE! 
1'1 
20 
21 
22 
24 
~~ 
..::..J 
26 
27 
2(-3 
2'1 
30 
31 
34 
36) 
::-::7 
38 
:::;:9 
40 
41 
42 
43 
44· 
45 
46 
LH\ 
206.400 
1 <,1.600 
230 .. :300 
195.200 
216.700 
:l C) 1.600 
1 'r5. 600 
190.000 
234. (SO!) 
208.700 
191.700 
199.400 
229.200 
229 .. 000 
~.251 .. '700 
214. 100 
244.800 
218. 100 
149.400 
1,56.200 
:1.54 .. 100 
l:m. "·00 
1[,0. :300 
145 .. 200 
1.50 .. 500 
202 .. 500 
1~'55 .. BOO 
125 .. 500 
160.400 
:L58 .. 000 
1::"A.700 
224 .. 100 
181.800 
160.800 
153.800 
1 ~:i7" ~500 
154.500 
171.200 
154.400 
170.000 
175.700 
131. 400 
14-8.900 
155 .. 300 
169.400 
1.~0. 900 
NUMBER OF DATI\ PMH~3 46 
:o;Ot'IP 
675.000 
I.:d.2" 000 
7:,,:4.000 
6:'2 .. 000 
7B9.000 
64::).000 
6'1·0.000 
629.000 
80B.000 
68~1. 000 
64'1.000 
679.000 
7::",2.000 
7C:)O .. 000 
71::,,;.000 
661.000 
737.000 
69(;,.000 
"·:~7 • 000 
34~3. 000 
391.000 
35~5 .. 000 
"·67.000 
:34·~) .. 000 
419.000 
4711 .• 000 
47::",.000 
::";21+" 000 
4BE!.OOO 
45~::' .. 000 
'[11·8.000 
~566 .. 000 
=j06 .. 000 
5:38 .. 000 
479.000 
418.000 
4~58. QOO 
5~51 .. 000 
4·51.000 
379.000 
415.000 
4·10.000 
4,<)0.000 
44:5.000 
503.000 
520.000 
21. 3 Continued •.. 
MEAN 180.6391305 
STANDARD DEVIATION 33.18609138 
301'1P 
COI~REUH ION COEFF I C I ENT O. 88T7491262 
l~ I TH 44 DEGREES OF FPEEDct1 
Y --. :"'.64A09'H394 X -- 113.5487'f21 
OB!', VAI":. X VAf~. Y eAU: .. 
NO. L'lP. 30f'!P Y. 
1 20c). '~·oo 6'7~)" 000 6~;:;8 " r.::'c;)''', .... ) , .,~. 
2 1.91.600 61.:2. 000 ~:.i\3 Lj . .. f.:) 6 0 
::::: 2~$O. 300 7:::;;4.000 72~5 .. 6t:J6 
4 19::'=j" 200 672.000 597.779 
r~' 
,.J 216.700 789.000 676. 127 
6 191.600 64·~) .. 000 5EIL!·.660 
I 192,: . 600 640. 000 5 tr 1" 'l'+D 
8 190.000 629. 000 578 .. £1~:~9 
9 234~600 80D.000 71+1." 3~56 
10 20B.700 6f39.000 646.9,'4· 
1l 191.700 649 .. 000 ~58~5" 02f~. 
1·· ... 
.:- 1 (~;)9" 400 679.000 6:1.:::;.0134 
13 229,,200 7:::::2 .. 000 721. 6'78 
14 229 .. 000 "760.000 720.949 
15 25l.700 71"3.000 80::::'.670 
16 214. 100 661.000 666.652 
1'7 244.800 7:Y7.000 T7B .. :=j~~6 
H3 218. 100 699.000 68:1 .. 228 
19 149.400 4·27. 000 L't30.879 
20 156.200 34~3. 000 .. 155 .. 6t:i9 
21 15LI· .. 100 ;391 .. 000 44fh 006 
...... , .... 
..:~ ..::. :nO.400 3~5:3; .. 000 361.641 
I"\"!" 
~::....;. 180.300 467.000 543 .. 4(-32 
24 145.200 345.000 41~j. 574· 
"'I:;'M 
.. :.. .... 1 150.500 419.000 434. fmfJ 
26 202.500 4"74 .. 000 1.')24 .. 3f30 
27 j.~:;5 .. 800 47:3. 000 454.201 
28 12~:j. 500 :524.000 343.7tl5 
29 160.400 488.000 470. 96'~· 
::;:0 158.000 4~53 .. 000 462.:2113 
31 1::;'1·.700 44f:1.000 37"7.311 
32 224. 100 56b .. OOO 70C':.09::": 
3:5 181 .BOO 506.000 548.9,18 
34 160.800 538. 000 4"72. 422 
",;.t;:.M 
.;:,..J 1.~33. 800 479.000 446.913 
~~b 157.500 418. 000 460 .. :::96 
37 154.500 '.t;f:i. 000 4-49. 46't 
38 171.200 551 .. 000 510. :';:20 
39. 154.400 451.000 449. 100 
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RESIDUI'Il... 
Y. 
~56. 408 
2"7 " ::~\4() 
El. 314 
74.221 
112.BT3 
60. ;',40 
Q·8. O~)2 
50. 171 
6/-;). (S4A 
42.026 
6::":. '776 
(::)5.916 
10 .. 322 
39 .. 051 
-90.670 
-5.652 
-41. .. 526 
17.772 
-3 .. 87'9 
-110.659 
-~57 .. 006 
-8.64·1 
-76.'1·82 
-70.574 
-1~; .. BB8 
M_l. 50. :~:;80 
HOl.799 
-1.9.785 
17.036 
-9.218 
70.68''1 
-13"7.09:::: 
-42.948 
65 .. 578 
32.0f:17 
-'12.396 
8 .. 53c) 
40.680 
1.900 
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21. 3 Continued ... 
'1,0 1.'70.000 T
'
9.000 ~.305. 947 -126ft 94'7 
41 1'75.'700 41::5.000 ~52(S. 719 -111..719 
·~·2 131 .400 '110.000 365. 28~i 44. 7:L~5 
'~·3 148.900 490.000 4·29.057 60.94,:5 
44 155.300 4-43. 000 452 .. :::::'79 -9. ::0;'79 
'f~~j :L 6'7. I~,OO !50:3 .. 000 !503 .. 7e)1 --0.761. 
46 1,60.900 ~.~20 .. 000 4'1:2.7[16 47.214 
SUr1 OF SOU/."HES OF "ESIDUALS 176952.857 
STANDARD ERROR OF ESTIMA1'E 63.41.652656 
I 
Men 
Women 
Pooled 
21. 3 Summary 
df I:x.v 
17 6,673 14,279 
27 11,631 21,168 
44 18,304 35,447 
Reg Coeff df 
51,937 2.14 16 
108,897 1.82 26 
42 
160,834 1. 94 43 
Difference between slopes 1 
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Dev from reg 
SS MS 
21,381 1,336 
70,371 2,707 
91,752 2,185 
92,188 2,144 
436 436 
Combined 45 49,559 180,396 833,597 3.64 44 176,953 
Between adjusted means 1 84,765 84,765 
Mean Squares, F = 2,707/1,336 = 2.026 df 26,16 ns (p > 0.05) 
Comparison of slopes, F = 436/2,185- = 0.200 df 1,42 ns (p > 0.05) 
Comparison of elevations, F = 84,765/2,144 = 39.536 df 1,43 
(p < 0.001) 
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21. 4 SIH 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
*'IE-*******'************************************* 
OBS VAR. X. VAR. Y. 
NO. SIH WMP 
1 
2 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
76.500 
71. 800 
73.200 
78.800 
73.800 
80.200 
78.500 
78.500 
77.500 
73.800 
78.300 
74.400 
77.800 
85.900 
82.500 
81.800 
81.700 
81.400 
78.000 
87.800 
76.500 
74.900 
81.300 
76.600 
83.300 
79.000 
84.800 
89.800 
80.600 
88.400 
86.200 
89.100 
87.600 
83.700 
82.500 
79.800 
95.200 
EJ8.000 
85.400 
78.800 
89.000 
86.200 
85.700 
81.200 
86.500 
90.500 
NUMBER OF DATA PAIRS 46 
427.000 
345.000 
391.000 
353.000 
467.000 
345.000 
419.000 
474.000 
473.000 
324 .. 000 
488.000 
453.000 
448.000 
566.000 
506.000 
538.000 
479.000 
418.000 
458.000 
551.000 
451.000 
379.000 
415.000 
410.000 
490.000 
443.000 
503.000 
520.000 
675.000 
612.000 
734.000 
672.000 
789.000 
645.000 
640.000 
629.000 
808.000 
689.000 
649.000 
679.000 
732.000 
760.000 
713.000 
661.000 
737.000 
699.000 
21. 4 Continued ••• 
SIH 
11EAN 81.79999992 
STANDARD DEVIATION 5.380582413 
WMP 
544.717391 
136.2245961 
CORRELATION COEFFICIENT 0.7668824054 
WITH 44 DEGREES OF FREEDOl'l 
REGRESSION LINE Wt1P (Y) ON SIH (X) 
----------------------------------
Y = 19.41578773 X - 1043.494043 
OBS VAR.X VAR.Y CALC. 
NO. SIH Wl'lP Y. 
1 76.500 427.000 441. 814 
2 71.800 345.000 350.560 
~ 
-' 
73.200 391.000 377.742 
4 78.800 353.000 486.470 
5 73.800 467.000 389.391 
6 80.200 345.000 513.652 
7 78.500 419.000 480.645 
8 78.500 474.000 480.645 
9 7"1.500 473.(100 461.230 
10 73.800 324.000 ::.;89.391 
11 78.300 488.000 476.762 
12 74.400 453.000 401.041 
13 77.800 448.000 467.054 
14 85.900 566.000 624.322 
15 82.500 506.000 558.308 
16 81. 800 538.000 544.717 
17 81. 700 479.000 542.776 
18 81. 400 418.000 536 .. 951 
19 78.000 458.000 470.937 
20 87.800 551.000 661. 212 
21 76.500 451.000 441.814 
.,,, 
,("..;;. 74.900 379.000 410.748 
23 81. 300 415.000 535.009 
24 76.600 410.000 443.755 
25 83.300 490.000 573.841 
26 79.000 443.000 490.353 
27 84.800 503.000 602.965 
28 89.800 520.000 700.044 
29 80.600 675.000 521 .. 418 
30 88.400 612.000 672.862 
31 86 .. 200 734.000 630.147 
32 89.100 672.000 686.453 
-:0''7 
">-' 87.600 789.000 657.329· 
34 83.700 645.000 581.607 
35 82.500 640.000 558.308 
36 79.800 629.000 ~505. 886 
37 95.200 808.000 804.889 
38 88.000 689.000 665.095 
39 85.400 649.000 614.614 
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RESIDUAL 
Y. 
-14.814 
-5.560 
13.258 
-133.470 
77.609 
-168.652 
-61.645 
-6.645 
11.770 
-65.391 
11 " 2:'~8 
51.959 
-19.054 
-58.322 
-52.308 
-6.717 
-63.776 
-118.951 
-12.937 
-110.212 
9.186 
-31.748 
-120.009 
-33.755 
-83.841 
-47.353 
-99.965 
-180.044 
153.582 
-60.862 
10:::'~. 853 
-14.453 
131.671 
63.393 
81.692 
123.114 
3.111 
23.905 
34.386 
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21. 4 Continued ... 
40 78.800 679.000 486.470 192.530 
41 89.000 732.000 684.511 47.489 
42 86.200 760.000 630.147 129.853 
43 85.700 713.000 620.439 92.561 
44 81. 200 661.000 533.068 127.932 
45 86.500 737.000 635.972 101.028 
46 90.500 699.000 713.635 -14.635 
SUM OF SQUARES OF RESIDUALS 343958.6825 
STANDARD ERROR OF ESTIMATE 88.41517282 
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21. 4 Summary 
Dev from reg 
df Reg Coeff df SS MS 
Men 17 296 2,208 52,078 7.46 16 35,628 2,227 
Women 27 534 5,228 108,692 9.79 26 57,511 2,212 
42 93,139 2,218 
Pooled 44 830 7,436 160,770 8.96 43 94,151 2,190 
Difference between slopes 1 1,012 1,012 
Combined 45 1,303 25,304 835,071 19.42 44 343,959 
Between adjusted means 1 249,808 249,808 
Mean Squares, F = 2,227/2,212 = 1.007 df 26,16 ns (p > 0.05) 
Comparison of slopes, F = 1,012/2,218 = 0.456 df 1,42 ns (p > 0.05) 
Comparison of elevations, F = 249,808/2,190 = 114.068 df 1,43 
(p < 0.001) 
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Appendix 22 
Raw data from the study which compared blood lactate levels 
in men and women after they had performed the Wingate 
Anaerobic Test 
page 556 
22. 1 Age (y) 
OBS SAMPLE 1. SAMPLE 2. 
NO. 
1. 
2 
7 
• ..> 
4 
5 
6 
7 
8 
9 
10 
1.1 
NUNBER OF VALUES 
MEPoN 
VARIANCE 
STANDARD DEVIATION 
W1L. 
:20.800 
20.800 
20.900 
22.000 
22.900 
18.800 
20 .. 900 
23.100 
18.500 
SAI"IPLE 1. 
9 
20.96666667 
2.525000007 
1.589024B6 
VALUE OF F 1..720453427 
WITH 8 PoND 10 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 18 DEGREES OF FREEDOM 
1.83568654 
VALUE OF t (Separate variance) 1.784995561 
WITH 8 AND 10 DEGREES OF FREEDOM 
VPoL. 
18.0;00 
19.800 
19.600 
21.800 
:21.600 
20.200 
20.900 
18. :200 
19.500 
18.600 
19.300 
SPoMPLE 2. 
11 
19.818181B2 
1.467636361 
1 .. 211460425 
22. 2 Height (cm) 
oBS 
NO. 
1 
2 
4 
C' 
_I 
6 
7 
8 
9 
10 
11 
Nut1BEF< OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
SAt1PLE 1. 
VAL. 
Hl2.200 
199.300 
187.900 
186.400 
18~). 500 
178.000 
167.400 
186.700 
171.700 
SAMF'LE 1. 
9 
1[32.7888888 
89.68611094 
9.470275123 
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SAMPLE 2. 
VAL. 
170.100 
161.200 
171.000 
159.000 
170.800 
171.800 
160.200 
181.000 
181.000 
168.800 
169.000 
SA~1PLE 2. 
11 
169.4454545 
54.04272768 
7.351375904 
VALUE OF F 1 • 65954·0789 
WITH 8 AND 10 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 18 DEGREES OF FREEDOrl 
3.551244905 
VALUE OF t (Separate variance) 3.459345215 
WITH 8 AND 10 DEGREES OF FREEDOM 
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22. 3 Body Mass (kg) 
OBS SA~IPLE 1. SAMPLE 2. 
NO. VAL. 
1 77.600 
2 91.300 
3 77.100 
4 76.000 
5 86.600 
6 68.200 
7 74.800 
8 73.300 
9 62~200 
10 
11 
VAL. 
70.400 
53.100 
81.~';OO 
52.600 
67.400 
69.200 
57.500 
70.600 
73.700 
64.300 
60.300 
SAMPLE 1. SAI'1PLE 2. 
NU~lBER OF VALUES 9 
~lEAN 76. 34444445 
VARIANCE 76.14527798 
STANDARD DEVIATION 8.726126172 
VALUE OF F 1.046485236 
WITH 10 AND 8 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MP,KE F LP,RGER THAN 1 
VALUE OF t (Pooled va~iance) 
WITH 18 DEGF<EES OF FREEDOM 
2.732220029 
1 1 
65.49090907 
79.68490919 
8.926640421 
VALUE OF t (Separate variance) 2.738778005 
WITH 10 AND 8 DEGREES OF FREEDOM 
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22. 4 Post WAnT HLa (mmol.l- 1 ) Sample 1 = women 
DE!3 
1\10. 
to 
:1. 1 
NU!"1f3EH DF I.){\L.UE:B 
r'iI,:: ;\\",! 
\jPIF~ I ("[NeE 
SlANDARD DEI/IATION 
vr~L .. " 
1:::;:,,000 
1:3. -<li)O 
6,,000 
1::':Lc":iOO 
12,,600 
:1.:2" HOC) 
tp .. 500 
10.10(\ 
1. 0 M ~,;;":~)O 
t :1 .• ,:,00 
:3(-W1:·:'L..E j,,, 
11 
t c .. c::"'l2727:::~7 
::~ .. :'::;9Ell f:31 B2:.:i 
:::':~ " :::'; b t, o·q ? 7 ~~:: :::':: 
VAI .. UE f:'F F 2bOO~93869'7 
l. I 'fH 10 !',t,ID ;3 DI:::C:;!":I,,:fc!'3 [;F' FR:::EDDI'i 
VAL.UE 01= t (Pooled v2~i~nc8) 
WITH lE~ DEGREES O~ Fi~EEDOM 
VALUE OF t (Sepa~ate variarlce) 1.j,93665337 
WITH 10 AND 8 DEGRESS [;F FREEDOM 
'J('::L .. 
(3" 700 
14 .. 600 
12 .. BOO 
10 .. 6CO 
:1, :s .. ::» 0 
11~l10() 
12. ~:;·JU 
~J f.':; M F' L. t~ :::~ ~ 
9 
1. ::.~. ()/!.,~ f!./! fi.lJ. 'j 
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Appendix 23 
Raw data for the comparisons between the muscle elasticity 
characteristics of men and women 
page 561 
23. 1 Age (y) 
OBS 
1\10. 
1 
SAI"IPLE 1. SAMPLE 2. 
2 
4 
6 
7 
8 
9 
10 
I\IUMBEoR OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
22.100 
24.300 
19.600 
20.900 
21.300 
19.700 
19.900 
22.500 
27.600 
2:~. 000 
SAMPLE 1. 
10 
2:;·~ .. 09 
6.109888885 
2.471818943 
VALUE OF F 2.565640198 
WITH 9 AND 6 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 1.042690252 
~JITH 15 DEGREES OF FREEDOM 
VALUE OF t (Separate va,-iance) 1.132262531 
~J ITH 9 At~D 6 DEGREES OF FREEDOM 
VAt... 
20.500 
23.100 
23.200 
19.500 
19.700 
20.100 
20.800 
SAMPLE 2. 
7 
20. 9857142'i 
2.381428577 
1.543187797 
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23. 2 Height (cm) 
OBS 
NO. 
1 
SA~lPLE 1. SAMPLE 2. 
2 
4 
5 
6 
7 
8 
9 
10 
NU~lBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
167.500 
186. ~jOO 
174.700 
168.800 
175.400 
171. 100 
178.700 
185.000 
175.400 
171.600 
SAMPLE 1. 
10 
175.47 
40 .. 62233329 
6 .. 373565195 
VALUE OF F 1.204216775 
WITH 6 AND 9 DEGREES OF FREEDOM 
SA~lPLES REVERSED TO ~lAKE F LARGER THAN 1 
VP,LUE OF t (Pooled var-iance) 2.627819585 
WITH 15 DEGREES OF FREEDOM 
VALUE OF t (Separ-ate variance) 2.582334867 
WITH 6 AND 9 DEGREES OF FREEDOM 
VAL. 
163.600 
168.100 
166.900 
159.700 
169.100 
160.400 
180.400 
SAt'lPLE 2. 
7 
1.66.8857142 
48.91809517 
6.994147209 
23. 3 Body Mass (kg) 
OBS 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
t,UI'1BER OF VALUES 
MEAl', 
VARIANCE 
STANDARD DEVIATION 
SAt1PLE 1. 
VAL. 
79.000 
75.900 
64.700 
65.600 
71.900 
63.600 
68.800 
80.300 
87.100 
81. 000 
SAMPLE 1. 
10 
73.78999999 
65.01433352 
8.063146625 
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SAt1PLE 2. 
VAL. 
61. 200 
61.200 
57.300 
55.200 
74.000 
58.300 
75.200 
SP,MPLE 2. 
7 
63.2 
65.24333337 
8.077334546 
VALUE OF F 1.003522298 
WITH 6 AND 9 DEGREES OF FREEDOM 
SAMPLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Ponled va..-iance) 2.663239565 
WITH 15 DEGREES OF FREEDOM 
VP,LUE OF t (Separate vari ance) 2.662358352 
~~ I TH 6 AND 9 DEGREES OF FREEDOM 
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23. 4 opp (W) 
OBS SAMPLE 1. SAt'IPLE 2. 
NO. VAL. 
1 1131.000 
2 1129.000 
3 938.000 
4 856.000 
5 939.000 
6 801.000 
7 919.000 
8 1091.000 
9 1248.000 
10 902.000 
SPot'IPLE 1. 
NUMBER OF VALUES 10 
MEAN 995.4000001 
VARIANCE 20826.93332 
STANDARD DEVIATION 144.3153953 
VALUE OF F 1.435764981 
WITH 9 AND 6 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 15 DEGREES OF FREEDOM 
3.589069915 
VALUE OF t (Separate variance) 3.711777333 
~JI TH 'i AND 6 DEGF:EES OF FF<EEDOM 
VAL. 
847.000 
893.000 
760.000 
564.000 
758.000 
630.000 
841.000 
SAI"IPLE 2. 
7 
756.1428573 
14505.80951 
120.4400661 
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23. 5 ORPM 
OBS 
NO. 
1 
SAMPLE 1. SAMF'LE 2. 
2 
4 
5 
6 
7 
8 
9 
10 
NUMBER OF VALUES 
i"IEAN 
VAL. 
126.000 
109.700 
125.300 
123 .. :::.~O() 
122.200 
120.000 
124.400 
11.6.200 
1 :50. 000 
112.100 
Sr-IMPLE 1" 
10 
120.92 
VARIANCE 
STANDARD DEVIATION 
41 .. 51733333 
6.44339.1.'}.551 
VALUE OF F 1.281606371 
IHTH 9 AND 6 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 15 DEGREES OF FREEDOM 
3.958900909 
VAL. 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
SAr1PLE 2. 
7 
108.9142857 
32.39476198 
5.691639656 
VALUE OF t (Separate variance) 4.051834665 
I>JI TH 9 At~D 6 DEGREES OF FREEDOM 
23. 6 TRT (ms) 
OBS 
NO. 
1 
2 
4 
5 
6 
7 
8 
9 
10 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
SAMPLE 1. 
VAL. 
169.600 
168.400 
151.500 
159.000 
159.700 
187.000 
178.000 
152.500 
146.400 
198.400 
SAI"IPLE 1. 
10 
167.0500001 
278.6449994 
16. 69266~Y)4 
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SA~IPLE 2. 
VAL. 
191.000 
175.800 
1.48.200 
159. ;:;00 
173.900 
161.500 
1.59.800 
SAMPLE 2. 
7 
167.0714286 
199.3057146 
14.11"156759 
VALUE OF F 1.398078324 
WITH 9 AND 6 DEGREEB OF FREEDOM 
VALUE OF t (Pooled variance) 
I>JITH 15 DEGF:EEB OF FREEDOM 
2. 767248337E-3 
VALUE OF t (Separ"ate variance) 2.85493623!.E-3 
tH TH 9 AND 6 DEGF,EES OF FREEDOM 
23. 7 EMGT (ms) 
OBS 
NO. 
1 
3 
4 
5 
6 
7 
8 
9 
10 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
SA~lPLE 1. 
VAL. 
128.000 
124.000 
11:3.100 
116.800 
119.900 
152.300 
138.100 
112.800 
113.800 
160. 100 
SA~·IPLE 1. 
10 
127.89 
287.1698891 
16.94608773 
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SAMPLE 2. 
VAL. 
145 .. 200 
137.100 
112.900 
125 .. 300 
116.200 
107.600 
111.900 
SAMPLE 2. 
7 
122.3142857 
200.3780954 
:l4.155497 
VALUE OF F 1.433140127 
WITH 9 AND 6 DEGREES OF FREEDOM 
VALUE OF t (Pooled variance) 
WITH 15 DEGREES OF FREEDOM 
0.7120896203 
VALUE OF t (Separate variance) 0.7363129875 
WITH 9 AND 6 DEGREES OF FREEDOM 
23. 8 EMD (ms) 
OBS 
NO. 
1 
2 
4 
5 
6 
7 
8 
9 
10 
NUt1BER OF VALUES 
t1EAN 
VARIANCE 
STANDARD DEVIATION 
SAt1PLE 1. 
VAL. 
41.700 
38.300 
44.400 
36.700 
42.300 
39.900 
34.800 
36.900 
39.800 
32.700 
SAI'1F'LE 1. 
10 
38 .. 75 
12.85388887 
3. 58523205:2., 
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SAI'IPLE 2. 
VAL. 
45.800 
38.700 
35.300 
39.200 
57.700 
53.900 
48.000 
SAI'1PLE 2. 
7 
45.51428571 
69.28476194 
8.323746871 
VALUE OF F 5.390179005 
~JI TH 6 AND 9 DEGREES OF FREEDot1 
SAt1PLES REVERSED TO MAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 2.306131055 
loll TH 15 DEGREES OF FREEDOM 
VP,UJE OF t (Separate variance) 2.022733485 
WITH 6 AND 9 DEGREES OF FF:EEDOI'I 
23. 9 FT (ms) 
OBS 
NO. 
1 
2 
4 
5 
6 
7 
8 
9 
10 
NUMBER OF VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
SAI~PLE 1. 
VAL. 
17.000 
8.700 
6.900 
18.200 
12.800 
8.800 
8.300 
5.100 
5.800 
8.500 
SAMPLE 1. 
10 
10.01000001 
20.40100001 
4.516746618 
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SA~"'IPLE 2. 
VAL. 
7.000 
7.600 
8.000 
10.000 
16.600 
17.900 
7.000 
SI',t1F'LE 2. 
7 
10.58571428 
21.88809524 
4.678471463 
VALUE OF F 1.072893252 
~JI TH 6 AND 9 DEGREES OF FREEDOM 
SA~lPLES REVERSED TO ~lAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 15 DEGREES OF FREEDOM 
O.2ej49558332 
VAL.UE OF t (Separate variance) 0.2532730611 
WITH 6 AND 9 DEGREES OF FREEDOM 
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23.10 eT (ms) 
OBS 
NO. 
1 
S~\MPLE 1. SAMPLE 2. 
4 
5 
6 
7 
8 
9 
10 
NUI'1BER OF' VALUES 
MEAN 
VARIANCE 
STANDARD DEVIATION 
VAL. 
24.700 
29.800 
36.600 
29.800 
24.100 
27. 100 
26.000 
28.600 
31.700 
26.900 
SAMPLE 1. 
10 
28.53000001 
13.75566666 
3.708863257 
VALUE OF F 2.316240237 
WITH 6 AND 9 DEGREES OF FREEDOM 
SAI'lPLES REVERSED TO I"IAKE F LARGER THAN 1 
VALUE OF t (Pooled variance) 
WITH 15 DEGREES OF FREEDOM 
2.903059292 
VALUE OF t (Separate variance) 2.69274514 
WITH 6 AND 9 DEGREES OF FREEDOM 
VAL. 
38.800 
41.000 
32.100 
27.300 
29.200 
41..200 
36.000 
SAMPLE 2. 
7 
35.08571428 
31.8614286 
5.644592864 
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Appendix 24 
Confirmation of the normality of the distribution of 
optimised pedalling rate in men CA) and women CA) 
page 572 
24. 1 ORPM - Men 
PEAI:;:SON PRODUCT l'1ot'IENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
t~o . PROBAB I L ITY ORP~l 
1 R-l .. 550 10'1.700 
2 -1.000 112.100 
7 
-' 
-0.660 116.200 
4 -0.370 120.000 
5 -0. 120 122.200 
6 0.120 123.300 
7 0.370 124.400 
8 0.660 125.300 
9 1.000 126.000 
10 1 .. 550 130.000 
NUi"IBER OF DATA PAIRS 10 
F'ROBAB I LI TY ORF'M 
~lEAN 1. 164153218E-10 
STANDARD DEVIATION 0.9415589909 6.443394557 
CORRELATION COEFFICIENT 
WITH 8 DEGREES OF FREEDOM 
0.9730680669 
REGRESSION LINE ORPM (Y) ON PROBABILITY (X) 
Y = 6.659021417 X + 120 .. 92 
OBS VAR.X VAR.Y CALC. 
NO. PROBAB I LI TY ORPt1 Y. 
1 -1.550 109.700 110.599 
2 -1. 000 112.100 114.261 
3 -0.660 116.200 116.525 
4 -0.370 120.000 118.456 
5 -0.120 122.200 120.121 
6 0.120 123.300 121.719 
7 0.370 124.400 123 .. 384 
8 0.660 125 .. 300 125.315 
9 1.000 126.000 127.579 
10 1 .. 550 130.000 131.241 
SUI'1 OF SQUAf-<ES OF RES !DUALS 19.85553364 
STI',NDARD ERROR OF EST It1ATE 1. 575417946 
RESIDUAL 
Y. 
-0.899 
-2.161 
-0.325 
1.544 
2.079 
1.581 
1.016 
-0.015 
-1.579 
-1.241 
page 573 
24. 1 continued ... 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VI~R. X. VAR. Y. 
NO. PROBABILITY LOG ORF'I'1 
1 
2 
3. 
4 
5 
6 
7 
8 
9 
10 
-1.550 
-1.000 
-0.660 
-0.370 
-0.120 
0.120 
0.370 
0.660 
1.000 
1.550 
NlJt1BER OF DATA PAIRS 10 
2.040 
2.050 
2.065 
2.079 
2.087 
2.091 
2.095 
2.098 
2.100 
2.114 
Pf,OBAB I LI TY LOG OF<Pt1 
1. 164153218E-10 
2.0819 
STANDARD DEVIATION 0.9415589909 2. 348734893E-2 
CORRELATION COEFFICIENT 0.969087865 
WITH 8 DEGREES OF FREEDOM 
REGRESSION LINE LOG ORPM CY) ON PROBABILITY (X) 
Y = 2.417406138E-2 X + 2.0819 
OBS VAR.X VAR.Y CALC. 
NO. PROBABILITY LOG OR PM Y. 
1 -1.550 2.040 2.044 
2 -1.000 2.050 2.058 
3 --0.660 2.065 2.066 
4 -0.370 2.079 2.073 
5 -0.120 2.087 2.079 
6 0.120 2.091 2 .. 085 
7 0.370 2.095 2.091 
8 0.660 2.098 2.098 
9 1.000 2.100 2.106 
10 1.550 2.114 2.119 
SUI'1 OF SQUARES OF RESIDUALS 3.022070698E--4 
STANDARD ERROR OF ESTIMATE 6. 146208891E-3 
RESIDUAL 
Y. 
-0.004 
-0.008 
--0.001 
0.006 
0.008 
0.006 
0.004 
0.000 
-0.006 
-0.005 
pae:e 57~ 
Ji3Jl. ] Co ntinued . .. • 
120 
110 
100 
2.15 
2.10 
bIl 
o 2.05 
....l 
2.00 
• 
• 
• 
r = 0.973 ( p < 0.00t) 
y = 120.9 + 6.66x 
SEE = 1.6 
V = 1.8 % 
~~.~--~----~----~-----
r = 0.969 ( p < 0.001) 
y = 2.082 + 0.024x 
SEE = 0.006 
V = 0.3 % 
1~.~.~ ____ ~ ______ ~ ______ ~ ____ ~ 
- 2 - 1 0 +1 +2 
Dis tribution 
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24. 2 ORPM - Women 
PEARSON PRODUCT t'IDr'IENT CORRELA TI ClN CIJE"FF I C I ENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. PROBABILITY RPM 
1 
3 
4 
5 
6 
7 
-1.370 
-0.760 
-0.350 
0.000 
0.350 
0.760 
1.370 
102.100 
102.500 
107.500 
108.000 
110.300 
115.100 
116.900 
NU~lBER OF DATA PAIRS 7 
MEAN 
PROBABILITY RPM 
1. 164153218E-10 
108.9142857 
STANDARD DEVIATION 0.9268225289 5.691639647 
CORRELATION COEFFICIENT 
WITH 5 DEGREES OF FREEDOM 
0.9741289921 
REGRESS I ON L I NE RPI"! (Y) ot~ PROBAE< I LI TY (X) 
------------------------------------------
Y = 5.982149787 X + 108.9142857 
OBS VAR.X VAR.Y CALC. 
NO. Pf~OBAB I L ITY RPM Y. 
1 -1.370 102.100 100.719 
2 -0.760 102.500 104.368 
7 
'-' 
-0.350 107.500 106.821 
4 0.000 108.000 108.914 
5 (> .. 350 110.300 111.008 
6 0.760 115.100 113.461 
7 1.370 116.900 117.110 
SUM OF SQUARES OF RESIDUALS 9.926929098 
STANDARD ERROR OF ESTIMATE 1.409037196 
RESIDUAL 
Y. 
1.381 
-1. 868 
0.679 
-0.914 
-0.708 
1.639 
-0.210 
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24. 2 Continued ..• 
PEP,RSON PRODUCT t1ot1ENT COnnELAT I ON COEFF I C I ENT 
********************************************** 
OBS VAn. X. VAR. Y. 
NO. PF:OBABILITY LOG ORF'M 
1 
2 
3 
4 
6 
7 
-1.370 
-0.760 
-0.350 
0.000 
0.350 
0.760 
1.370 
2.009 
2.011 
2.031 
2.033 
2.043 
2.061 
2.068 
NUMBER OF DATA PAIRS 7 
PROBP,BILITY LOG ORF'M 
MEAN 1. 164153218E-l0 
2.036571429 
STANDARD DEVIATION 0.9268225289 2.267051749E-2 
conRELA TI ON COEFF I C I ENT 0.9758919841 
WITH 5 DEGREES OF FREEDOM 
REGRESSION LINE LOG ORPM (YI ON PROBABILITY (XI 
Y = 2. 387077957E-2 X + 2.036571429 
aBS VAR.X VAR.Y CP,LC. 
NO. pnOBABILITY LOG ORPM Y. 
1 -1.370 2.009 2.004 
2 -0.760 2.011 2.018 
3 -0.350 2.031 2.028 
4 0.000 2.033 2.037 
5 0.350 2.043 2.045 
6 0.760 2.061 2.055 
7 1.370 2.068 2.069 
SUM OF SQUARES OF RESIDUALS 1.468922384E-4 
STANDARD ERROR OF ESTI~lATE 5.420188898E-3 
RESIDUAL 
Y. 
0.005 
-0.007 
0.003 
-0.004 
-0.002 
0.006 
-0.001 
Oll 
o 
....:l 
paO(e 'i77 
24. 2 Con inued ... 
120 
110 
100 
2.10 
2.05 
2.00 
r = 0.974 ( p < 0.001) 
y = 108.9 + 5.98x 
SEE = 1.5 
V = l.l % 
L~<~----~----~----~-----, 
r = 0.976 ( p < O.OOll 
y = 2.037 + 0.024x 
SEE = 0.005 
V = 0.2 % 
... 
L~·~----~----~----~ ____ _ 
-2 -1 o +1 +2 
Distribution 
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Appendix 25 
Confirmation of the linearity of the relationship between 
optimised pedalling rate and muscle elasticity measures in 
men 
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25. 1 EMD 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. EMD ORPM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
41.700 
38.300 
44.400 
36.700 
42.300 
39.900 
34.800 
36.900 
39.(300 
32.700 
NUMBER OF DATA PAIRS 
Hm 
10 
MEAN 38.75000001 
STANDARD DEVIATION 3.585232063 
126.000 
112.100 
109.700 
125.300 
123.300 
122.200 
120.000 
124.400 
116.200 
130.000 
ORPM 
120 .. 92 
6.443394555 
CORRELATION COEFFICIENT -0.5107508693 
WITH 8 DEGREES OF FREEDO~l 
REGRESSION LINE ORPI'1 (Y) ON Et1D (X) 
Y = -0.9179236689 X + 156 .. 4895422 
OBS VAR.X VAR.Y CALC. 
NO. EI'1D ORPM Y. 
1 41.700 126.000 118.212 
2 38 .. 300 112.100 121.333 
~ 
-' 
44.400 109.700 115.734 
4 36.700 125.300 122 .. 802 
5 4·2 .. 300 123 .. 300 117.661 
6 ::;9.900 122 .. 200 119.864 
7 34.800 120.000 124.546 
8 36.900 124.400 122.618 
9 39.800 116.200 119.956 
10 ~52. 700 130.000 126.473 
SUM OF SQUARES OF RESIDUALS 276.1816859 
STANDARD ERROR OF ESTIt1ATE 5.875603011 
RESIDUI'L 
Y. 
7.788 9 ..,-, .. ~ 
- .. ..:.._\_, 
-6.034 
2.498 
5.639 
2.336 
-4.546 
1.782 
-3.756 
3 .. 527 
25. 1 Continued ... 
Data file MEMO 10 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
Y = 174.084999 
+ X * -1.837803743 
+ XA 2 * 1.192883894E-2 
x Observed Y Predicted Y 
41.700 126.000 
38.300 112.100 
44.400 109.700 
::'~6. 700 125 .. 300 
42.300 123.300 
39.900 122.200 
34.800 120.000 
36.900 124.400 
::'~9. 800 116.200 
32.700 130.000 
Root mr.:?an square er"I'"or :::: r: ""I::'''? \..J .. ..:....J ... ~ 
Data file MEMO 10 data pairs 
order 3 polynomial regression 
Polynomial fitted.is • 
Y = 4198.952887 
+ X * -318.68127 
+ X·-'2 .. 8.278868254 
+ XA 3 .. -7. 150071691E-2 
118.192 
121. 195 
116.00:5 
122.704 
117.690 
119.747 
124.576 
122 .. ~j12 
119.836 
126.744 
X Observed Y Predicted Y 
41.700 126.000 
38.300 112.100 
44.400 109.700 
36.700 125.300 
42.300 123 .. 300 
39.900 122.200 
34.800 120.000 
36.900 124.400 
39.800 116.200 
32.700 130.000 
Root mean square error = 4.394 
121.346 
120.604 
111. 792 
119.733 
120.359 
121.800 
121.545 
119.764 
121.749 
130.508 
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25. 1 Continued ... 
Data file MEMD 10 data pairs 
order 4 polynomial regression 
Polynomial fitted is . 
Y = -16636.82302 
+ X * 1866.614438 
+ XA 2 * -77.31877711 
+ XA 3 * 1.412646448 
+ X····"4 * -9.61166581E-3 
X Observed Y Predicted Y 
41.700 
38.300 
44.400 
36.700 
42.300 
::',9.900 
34.800 
36.'100 
39.800 
32.700 
126.000 
112.100 
109.700 
125.300 
123.300 
122.200 
120.000 
:124.400 
116.200 
130.000 
Root mean square error = 4.013 
Data file MEMD 10 data pairs 
order 5 polynomial regression 
Polynomial fitted is .-
Y = -29535.84737 
+ X * 2637~981523 
+ XA 2 * -69.44661954 
+ X'''3 * -4. 766752198E-2 
+ X·~"4 *' 2.56040337E-2 
+ X· .... 5 * -2. 660583979E-4 
122.401 
11'1.454 
110.940 
119.727 
121. 866 
121. 096 
123.430 
119.549 
120.972 
129.766 
X Observed Y Predicted Y 
41.700 126.000 
38.300 112.100 
44.400 109.700 
36.700 125.300 
42.300 123.300 
39.900 122 .. 200 
34.800 120.000 
36.900 124.400 
39.800 116.200 
32.700 130.000 
Root mean squc':.,re error ::: 3 .. 900 
124 .. 122 
117.~561 
109 .. 557 
119.854 
124.429 
119.798 
126.531 
119 .. 325 
119.556 
128.468 
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25. 1 Continued ... 
Data file MEMD 10 data pairs 
Polynomial fitted is .-
Y = -11133.55173 
+ X * 852.6711578 
+ XA 2 * -17.13193667 
+ XA 3 * 8.433402283E-2 
+ X""4 * -9. 369426436E-3 
+ XA 5 * 3.743277626E-4 
+ XA 6 * -3.707193932E-6 
X Observed Y Predicted Y 
41.700 
:'~8 .. 300 
44.400 
36.700 
42.300 
39.900 
34.1300 
36.900 
39.800 
32.700 
126.000 
112.100 
109.700 
125.300 
123. ~~OO 
122.200 
120.000 
124.400 
116.200 
130.000 
Root mean square error = 3.808 
123.504 
118.255 
110.042 
1.19.9213 
123.616 
120.137 
125.349 
119.524 
119.941. 
128.906 
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25. 1 Summary 
Deviations from linear 
11 11 2 
Reduction 
Deviations from linear 
• 3 
Reduction 
Deviations from linear 
• 4 
Reduction 
Deviations from linear 
• 5 
Reduction 
Deviations from linear 
• 6 
Reduction 
D of F 
8 
7 
1 
8 
6 
1 
8 
5 
1 
8. 
4 
1 
8 
3 
1 
SS 
276.18 
275.94 
0.24 
276.18 
193.07 
83.11 
276.18 
161. 04 
115.14 
276.18 
152.10 
124.08 
276.18 
145.01 
131.17 
All values of F not significant (p > 0.05) 
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MS 11Ft! 
39.42 
0.24 0.006 
32.18 
83.11 2.583 
32.21 
115.14 3.575 
38.03 
124.08 3.263 
48.34 
131.17 2.713 
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25. 2 eT 
PEARSOI\I PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS VAR. X. VAR. Y. 
NO. CT ORPM 
1 
2 
4 
6 
7 
8 
9 
10 
24.700 
29.800 
36.600 
29.800 
24.100 
27.100 
26.000 
28.600 
31.700 
26.900 
NUMBER OF DATA PAIRS 
CT 
10 
MEAN 28.52999999 
STANDAFm DEVIATION 3.708863257 
126.000 
112.100 
109.700 
125.300 
12:~. ::",00 
122 .. 200 
120.000 
124.400 
116.200 
130.000 
ORPM 
120 .. 92 
6 .. 443394555 
CORRELATION COEFFICIENT -0.7216231374 
~JI TH 8 DEGREES OF FREEDOl'l 
REGRESSION LINE ORPM (Y) 'ON CT (X) 
----------------------------------
Y = -1.253673234 X + 156.6872973 
OBS VAR.X VAR.Y CALC. 
NO. CT ORPM Y. 
1 24.700 126.000 125.722 
2 29.800 112.100 119.328 
3 36.60') 109.700 110.803 
4 29.800 125.300 119.328 
5 24.100 123.300 126.474 
6 27.100 122 .. 200 122. 71::"~ 
7 26.000 120.000 124.092 
8 28.600 124.400 120 .. 832 
9 31.700 116.200 116.946 
10 26.900 130.000 122 .. 963 
SUM OF SQUARES OF RESIDUALS 179.0783923 
STANDARD EF~ROR OF ESTIt1ATE 4.73125766 
RESIDUAL 
Y. 
0.278 
-7.228 
-1.103 
5.972 
-3. 174 
-0.513 
-4.092 
3 .. 568 
--0.746 
7.037 
25. 2 Continued ••. 
Data file MCT 10 data pairs 
or~der 2 pol ynomi al regressi on 
Polynomial fitted is ,-
Y = 96.81201538 
+ X * 2.787905461 
+ X·····2 * -6.708000475E-2 
X Observed Y Predicted Y 
24.700 126.000 
29.800 112.100 
36.600 109.700 
29.800 125.300 
24.100 123 .. 300 
27. 100 122.200 
26.000 120.000 
28.600 124.400 
31.700 116.200 
26.900 130.000 
Root mean square error = 4.113 
Data file MCT 10 data pairs 
order 3 pol ynomi al rl-::gressi on 
Polynomial fitted is . 
Y = -660.9357543 
+ X * 79.84935325 
+ XA 2 * -2.649652729 
+ X~3 * 2.850452965E-2 
124.748 
120 .. 322 
108.992 
120.322 
125 .. 040 
123.100 
123.951 
121.677 
117.781 
123.267 
X Observed Y Predicted Y 
24.700 126.000 
29. BOO 112.100 
36.600 109.700 
29.800 125.300 
24.100 123.300 
27.100 122.200 
26.000 120.000 
2B.600 124.400 
31;700 116.200 
26.900 130.000 
Root mean square error = 3.960 
124.358 
119.910 
109.699 
119.910 
123.482 
124.362 
124.978 
122.271 
115.691 
124.540 
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25. 2 Continued ... 
Data file MCT 10 data pairs 
order 4 polynomial regression 
Polynomial fitted is ,-
Y - 1486.676542 
+ X * -214.8215178 
+ X'~2 * 12.40485986 
+ X .. · .. 3 * -0.3108232341 
+ XA 4 * 2.84631072E-3 
X Observed Y 
24.700 
29.800 
36.600 
29 .. 800 
24.100 
27.100 
26.000 
28.600 
31.700 
26.900 
126.000 
112.100 
109.700 
125 .. 300 
123.300 
122 .. 200 
120.000 
124.400 
116.200 
130.000 
Root mean square error::::: 3.955 
Data file MCT 10 data pairs 
order 5 polynomial" regression 
Polynomial fitted is ,-
Y = 1587.55478 
+ X * -202 .. 9485195 
+ XA 2 * 9.585023459 
+ XA 3 * -0.1466343117 
+ X"'4 * -1.07868517E-3 
+ X· .. ··5 * 3 .. 40335B691E~-5 
124.226 
120.151 
109.734 
120.151 
123 .. 765 
124.284 
124.669 
122.517 
115 .. 292 
124.411 
X Observed Y Predicted Y 
24.700 
29.800 
36 .. 600 
29.800 
24.100 
27.100 
26.000 
28.600 
31.700 
26.900 
126.000 
112.100 
109.700 
125 .. 300 
123.300 
122.200 
120.000 
124.400 
116.200 
130.000 
Rocd.: mf.?an squar-e er-Tor ::::: 3.958 
124.182 
120.249 
109.749 
120.249 
123.862 
124.254 
124.557 
122.612 
115.124 
124.362 
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25. 2 Continued ... 
Data file MeT 10 data pairs 
order 6 polynomial regression 
Polynomial fitted is .-
y = -207.4978166 
+ X * 35.48812866 
+ XA 2 * -1.461521722 
+ X··'3 .,. 1.904819318E-2 
+ X···'4 * 9. 940422906E-4 
+ X·-'5 * -4.871898069E-5 
+ XA 6 * 6.066346194E-7 
X Observed Y Predicted Y 
24.700 
29.800 
36.600 
29.800 
24. 100 
27.100 
26.000 
28.600 
31.700 
26.900 
126.000 
112.100 
109.700 
125.300 
123.300 
122 .. 200 
120.000 
124.400 
116.200 
130.000 
Root mean square er-I'"or == 3.957 
124.286 
120.067 
109.725 
120.067 
123.635 
124.314 
124.800 
122 .. 423 
115.420 
124.462 
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25. 2 Summary 
Deviations from linear 
" 11 2 
Reduction 
Deviations from linear 
" 3 
Reduction 
Deviations from linear 
11 11 4 
Reduction 
Deviations from linear 
11 11 5 
Reduction 
Deviations from linear 
11 11 6 
Reduction 
D of F 
8 
7 
1 
8 
6 
1 
8 
5 
1 
8 
4 
1 
8 
3 
1 
SS 
179.08 
169.17 
9.91 
179.08 
156.82 
22.26 
179.08 
156.42 
22.66 
179.08 
156.66 
22.42 
179.08 
156.58 
22.50 
All values of F not significant (p > 0.05) 
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MS "F" 
24.17 
9.91 0.410 
26.14 
22.26 0.865 
31.28 
22.66 0.724 
39.16 
22.42 0.572 
52.19 
22.50 0.431 
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Appendix 26 
Confirmation of the linearity of the relationship between 
optimised pedalling rate and muscle elasticity measures in 
women 
page 590 
26. 1 EMD 
PE",RSON PRODUCT t10MENT CORRELATION COEFFICIENT 
********************************************** 
DBS VAR. X. VAR. Y. 
NO. EMD ORP~l 
1 
2 
3 
4 
5 
6 
7 
45.800 
38.700 
35 .. 300 
39 .. 200 
57.700 
53.900 
48.000 
NUMBER OF DATA PAIRS 
Et'lD 
7 
MEAN 45.5142857 
STANDARD DEVIATION 8.323746871 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
OR PM 
108.9142857 
5.691639664 
CORRELATION COEFFICIENT 
WITH 5 DEGREES OF FREEDOM 
-0.9553105657 
REGRESSION LINE ORPM (Y) ON EI'lD (X) 
-----------------------------------
y = -0.6532254757 X + 138.6453766 
DBS VAR. X VP,R. Y CALC. 
NO. EMD ORPM Y. 
1 45.800 108.000 108.728 
2 38.700 115.100 113.366 
7 
-' 
35.300 116.900 115.587 
4 39.200 110.300 113,(>39 
C' 
..J 57.700 102 .. 500 100. 95L~ 
6 53.900 102.100 103.437 
7 48.000 107.500 107.291 
SUM OF SQUARES OF RESIDUALS 16.9842606 
STt':"NDI',RD EFmOR OF ESTII"IATE 1.843055104 
RESIDUAL 
Y. 
-0.728 
1.734 
1 .. 313 
-2 .. 739 
1.546 
-1.337 
0.209 
26. 1 Continued ... 
Data file WEMD 7 data pairs 
order 2 polynomial regression 
Polynomial fitted is ,-
Y = 171 • 800'1272 
+ X * -2.121718573 
+ XA 2 * 1.580612736E-2 
Data file WEMD 7 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
Y = 171 • 8009272 
+ X * -2.121718573 
+ XA 2 * 1.580612736E-2 
X Observed Y Predicted Y 
45.800 108.000 
38.700 115.100 
35.300 116.900 
39.200 110.300 
57.700 102.500 
53.900 102.100 
48.000 107.500 
Root mean square error = 1.368 
Data file WEMD 7 data pairs 
order 3 polynomial regression 
Polynomial fitted is ,-
Y = 178.190761 
+ X * -2.546047542 
+ X'~~2 * 2.50538753E-2 
+ XA 3 * -6.61737383E-5 
107.7B2 
113.363 
116.600 
112.91B 
102.001 
103.360 
106.376 
X Observed Y Predicted Y 
45.BOO 
38.700 
35.300 
39.200 
57.700 
53.900 
48.000 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
Root mean square error = 1.368 
107.778 
113.346 
116.624 
112.8';18 
101. 983 
103.383 
106.386 
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26. 1 Continued ... 
Data file WEMD 7 data pairs 
order 4 polynomial regression 
Polynomial fitted is :-
Y = 1880.083885 
+ X * -154.7509276 
+ X"'~2 * 5.077022465 
+ X"'3 * -7.382183045E-2 
+ XA 4 * 3.996541808E-4 
X Observed Y Predicted Y 
45.800 
38.700 
35.300 
39.200 
57.700 
53.900 
48.000 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
Root mean sqLtal"'e eI'"T01'" = 1.226 
Data file WE MD 7 data pairs 
or-der- 5 pol ynomi al regressi on 
Polynomial fitted. is :-
Y = 1166.444384 
+ X * -80.28473532 
+ XA 2 * 2.011684005 
+ XA 3 * -1. 162431536E-2 
+ XA 4 * -2.221927544E-4 
+ X"'5 * 2.449810904E-6 
108.568 
112.725 
117.163 
112 .. 339 
102.495 
102.184 
106.926 
X Observed Y Predicted Y 
45.800 
38.700 
35.300 
:="~9. 200 
57.700 
53.900 
48.000 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
Root mean square error = 1.217 
108.450 
112.818 
117.085 
112.414 
102.434 
102.330 
106.871 
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26. 1 Continued ... 
Data file WEMD 7 data pairs 
order 6 polynomial regression 
Polynomial fitted is :-
Y = 235.9714184 
+ X * 10.16050649 
+ XA 2 * -1.081210216 
+ XA 3 * 2.236378634E-2 
+ XA 4 * 1.543299089E-4 
+ XA 5 * -8.913261382E-6 
+ XA 6 * 6.974370281E-8 
X Obsf-,rved Y Pr-edi cted Y 
45.800 
38.700 
35.300 
39.200 
57.700 
53.900 
48.000 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
108.413 
1l2 .. 823 
117.094 
112.391 
102.449 
102.286 
106.943 
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• 
26. 1 Summary 
Deviations from linear 
" 2 
Reduction 
Deviations from linear 
It " 3 
Reduction 
Deviations from linear 
« 4 
Reduction 
Deviations from linear 
" .. 5 
Reduction 
D of F 
5 
4 
1 
5 
3 
1 
5 
2 
1 
5 
1 
1 
SS 
16.984 
13,110 
3.874 
16,984 
13.110 
3,874 
16.984 
10,522 
6.462 
16,984 
10.368 
6,626 
All values of F not significant (p > 0.05) 
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MS flF" 
3.278 
3.874 1,182 
4.370 
3.874 0.886 
5.261 
6.462 1,228 
10,368 
6,626 0.639 
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26. 2 eT 
PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT 
********************************************** 
OBS 
, NO. 
VAR. X. VAR. V. 
CT ORPM 
1 
2 
4 
5 
6 
7 
3fJ.fJOO 
41.000 
32.100 
27.300 
29.200 
41.200 
36.000 
NUMBER OF DATA PAIRS 
CT 
7 
MEAN 35.0fJ571428 
STi~NDi~RD DEVIATION 5.644592864 
108.000 
107.500 
115.100 
116.900 
110.300 
102.500 
102.100 
ORPM 
108.9142857 
5.691639652 
CORRELATION COEFFICIENT 
WITH 5 DEGREES OF FREEDOM 
-0 .. 7574554298 
REGRESSION LINE ORPM IV) ON CT IX) 
----------------------------------
V = '-0.7637687009 X + 135.7116562 
ODS VAR.X VAR.V CALC. 
NO. CT ORF'~l V. 
1 38.800 108.000 106.077 
2 41.000 107.500 104.397 
3 32.100 115.100 111. 195 
4 27.300 116.900 114.861 
5 29.200 110.300 113.410 
6 41.200 102.500 104.244 
7 ~;6. 000 102.100 108.216 
SUI'1 OF SQUARES OF RESIDUALS 82.85179445 
STANDARD ERROR OF ESTIMATE 4.070670569 
RESIDUAL 
V. 
1.923 
3 .. 103 
3 .. 905 
2.039 
-3.110 
-1.744 
-6.116 
26. 2 Continued ... 
Data file WeT 7 data pairs 
order 2 polynomial regression 
Polynomial fitted is :-
Y = 194.0553352 
+ X * -4.223921295 
+ XA 2 * 5.011315832E-2 
X Observed Y Predicted Y 
38.800 108.000 
41.000 107.500 
32.100 115.100 
27.300 116.900 
29.200 110.300 
41.200 102".500 
36.000 102.100 
Root mean square error = 3.318 
Data file WeT 7 data pairs 
order 3 polynomial regression 
Polynomial fitted is :-
Y - 6.103811264. 
+ X * 12.55275681 
+ XA 2 * -0.4432591741 
+ XA 3 * 4.782242213E-3 
105.610 
105.115 
110.105 
116.091 
113.445 
105.094 
106.941 
X Observed Y Predicted Y 
38.800 
41.000 
32.100 
27.300 
29.200 
41.200 
36.000 
108.000 
107.500 
115.100 
116.900 
110.300 
102.500 
102.100 
Root mean square error = 3. 30~~ 
105.187 
105.245 
110.487 
115.739 
113.768 
105.315 
106.659 
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26. 2 Continued ... 
Data file WeT 7 data pairs 
order 4 polynomial regression 
Polynomial fitted is • 
y = -704.5798779 
+ X * 97.47268075 
+ X···'2 * -4.218<701735 
+ X·'-3 * 7. 881683766E-2 
+ XA 4 * -5.402859772E-4 
X Obs.?rved Y Predi c:ted Y 
38.800 
41.000 
32.100 
27.300 
29.200 
41.200 
::'(6.000 
108.000 
107.500 
115.100 
116.900 
110.300 
102.500 
102.100 
Root mean square error - 3.301 
Data file WeT 7 data pairs 
order 5 polynomial regression 
Polynomial fitted is ,-
Y == -515.05422 
+ X * 40.50089733 
+ XA 2 * 0.8787411992 
+ X ..... 3 * -0.1223308396 
+ X '.'4 
* 
3. 151716331E-3 
+ X·"~5 
* 
-2.582713532E-5 
105.356 
105.242 
110.407 
115.654 
113.943 
105.253 
106. ~545 
X Observed Y Pr"edi c:ted 
::';B. BOO 108.000 105.596 
41.000 107.500 105.246 
32.100 115.100 110.331 
27. :::.~OO 116.900 115.544 
29.200 110.300 114.157 
41.200 102.500 105.16l. 
36.000 102.100 106.::';64 
Roo"t mean ~5qLlar~e errOfR == 3.286 
Y 
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26. 2 Continued ... 
Data file WeT 7 data pairs 
order 6 polynomial regression 
Polynomial fitted is • 
Y - -3432.973252 
+ X * 413.6599578 
+ XA 2 * -16.42690074 
+ X'"'3 * 0.1782015799 
+ XA 4 * 4.291840771E-3 
+ XA 5 * -i.225455142E-4 
+ XA 6 * 8.378496454E-7 
X Observed Y Predicted Y 
:m.800 
41. 000 
32.100 
27.300 
29.200 
41.200 
36.000 
108.000 
107.500 
115.100 
116.900 
110.300 
102 .. 500 
102.100 
Root mean sqt.\ar~e error~ _. 3.34·8 
105.735 
105.228 
110.170 
115.409 
114.438 
105.124 
106.297 
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26. 2 Summary 
Deviations from linear 
It 11 2 
Reduction 
Deviations from linear 
" " 3 
Reduction 
Deviations from linear 
" It 4 
Reduction 
Deviations from linear 
« 5 
Reduction 
D of F 
5 
4 
1 
5 
3 
1 
5 
2 
1 
5 
1 
1 
SS 
82.85 
77.06 
5.79 
82.85 
76.37 
6.48 
82.85 
76.28 
6.57 
82.85 
75.58 
7.27 
All values of F not significant (p > 0.05) 
MS 
19.27 
5.79 
25.46 
6.48 
38.14 
6.57 
75.58 
7.27 
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!IF" 
0.301 
0.255 
0.172 
0.096 
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Appendix 27 
Analyses of covariance for the relationships between 
optimised pedalling rate and the measures of muscle 
elasticity in men and women 
page 601 
27. 1 EMD 
PEP,HSON PHODUCT t1ot1ENT COF<F<ELA TI ON COEFF I C I ENT 
********************************************** 
ODS VAH" x. 
NO. E~1D 
1 45.800 
" 
"' 
:38.700 
3 ::~5. 300 
4 39.200 
~ 
'"' 
57 .. 700 
6 53.900 
7 48.000 
8 41.700 
9 38 .. 300 
10 44.400 
11 36.700 
12 42 .. 300 
13 3(';> .. 900 
14 '34.800 
15 36.900 
16 39.800 
17 :::'~2. 700 
"~Ui"'DE'::: OF DATA PAIF<S 17 
EMD 
MEAN 41.53529412 
STPINDAHD DEVIATION 6.70726669 
VAF(. Y. 
OF-:Pt" 
108.000 
115.100 
116.900 
110.300 
102.500 
102.100 
107.500 
126.000 
112.100 
109.700 
125.300 
123.300 
122"200 
120.000 
124.400 
116.200 
1~;0. 000 
OHPM 
115.9764706 
8.5;"0308774 
COHF<ELATION COEFFICIENT -0.7788287543 
WITH 15 DEGF<EES OF FF<EEDOM 
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27. 1 Continued ... 
REGRESSION LINE ORPM (V) ON EMD (X) 
-----------------------------------
V = -·0.9B93540507 X + 157 .. 069582 
OBS VieR. X VAR.V CALC. RESIDUAL 
NO. EI'1D OF:PI1 V. V. 
1 45.800 10B.000 111.757 -3.757 
2 3B.700 115.100 l1B.7B2 -3 .. 6B2 
7 
" 
35.300 116.900 122 .. 145 -5.245 
4 39.200 110.300 11B.287 -7.987 
~ 
•• J 57.700 102 .. 500 99.9B4 2.516 
6 53 .. 900 102.100 103.743 -1.643 
7 48.000 107 .. 500 109.581 -2.081 
8 1+1.700 126.000 115.814 10. 186 
9 38.300 112.100 119.177 -7.077 
10 44.400 109.700 113.142 -3.4·42 
1 1 :'.,6.700 125.300 120. "760 4 .. 540 
12 42.300 123.300 115.220 8.080 
13 39 .. 900 122 .. 200 117.594 4.606 
1"1 34.BOO 120.000 122.640 -2.640 
15 36.900 124.400 120.562 3.838 
16 39.800 11"1..,.200 117.693 -1. 493 
17 :'.,2.700 130 .. 000 124.718 5.282 
SUN OF SQUARES OF RESIDUP,LS 456.9760677 
STf:)r.JDARD ERROR OF ESTIM(,TE 5.519517:297 
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27. 1 Summary 
Dev from reg 
df ~x2 ~xy ~y2 Reg Coeff df SS MS 
Men 9 115.69 -106.19 373.66 -0.918 8 276.18 34.52 
Women 6 415.71 -271.55 194.37 -0.653 5 16.98 3.40 
13 293.16 22.55 
Pooled 15 531.39 -377.74 568.02 -0.711 14 299.51 21. 39 
Difference between slopes 1 6.34 6.34 
Combined 16 719.80 -712.14 1,161.53 -0.989 15 456.98 30.47 
Between adjusted means 1 157.47 157.47 
Mean Squares, F = 34.52/3.40 = 10.16 df 8,5 (p < 0.05) 
Comparison of slopes, F = 6.34122.55 = 0.28 df 1,13 ns (p > 0.05) 
Comparison of elevations, F = 155.47/21.39 = 7.36 df 1,14 
(p < 0.05) 
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27. 2 eT 
PEP,RSON PFWDUCT IvIDr'IENT COFmELAT I ON CDEFF I C I ENT 
********************************************** 
OBS VAR. x. 
NO. CT 
1 38.800 
,.., 
.~ 41.000 
";t' 
-' 
32.100 
4 27.300 
~ . 
.J 29.200 
6 41.200 
7 36.000 
8 24.700 
9 29.800 
10 :56.600 
11 29.800 
12 24.100 
1 :" 27. 100 
14 26.000 
15 28.600 
16 31. 700 
17 26.900 
NUMBER OF DATA PAIRS 17 
CT 
MEAN 31.22941177 
STANDARD DEVIATION 5.544903593 
VAR. Y. 
orWr1 
108.000 
107.500 
115.100 
116.900 
110.300 
102.500 
102.100 
126.000 
112.100 
109.700 
125.300 
123. :.~OO 
122 .. 200 
120.000 
12·1.400 
116.200 
130.000 
m~PI'1 
115.9764706 
8.520308774 
CORRELATION COEFFICIENT -0.8272140194 
WITH 15 DEGREES OF FREEDOM 
27. 2 Continued ... 
REGRESSION LINE ORPM (VI ON CT (X) 
----------------------------------
V - -1.271098541 X + 155.6721303 
OBS VAR.X VAR.V CALC. 
NO. CT ORPM Y. 
1 38.800 10B.OOO 106.354 
2 41.000 107.500 103.557 
7 
'-' 
32 .. 100 115.100 114.870 
4 27.300 116.900 120.971 
5 29.200 110.300 118. ::i56 
6 41.200 102.500 103.303 
7 36.000 102.100 109.913 
8 24.700 126.000 124 .. 276 
9 29.800 112.100 117.793 
10 36.600 109.700 109.150 
11 29.800 125 .. 300 117.793 
12 24.100 123.300 125 .. 039 
1.3 27.100 122 .. 200 121 .. 225 
14 26.000 120.000 122 .. 6-.)24 
15 28.600 124.400 119.319 
16 31.700 116.200 115.378 
17 26.900 130.000 121.480 
SUM OF SQUARES OF RESIDUALS 366.714913 
STI~NDARD ERROR OF ESTH1ATE 4.944457592 
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RESIDUP,L 
V. 
1.646 
3.91-1-3 
0.230 
-4.(171 
-8.256 
-0. f3(Y;; 
-7.813 
1.724 
-5 .. 693 
0.550 
7 .. 507 
-1.739 
0.975 
-2 .. 624 
5.081 
0.822 
8 .. 520 
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27. 2 Summary 
Dev from reg 
df :Exy :Ey2 Reg Coeff df SS MS 
Men 9 123.80 -155.21 373.66 -1.254 8 179.08 22.38 
Women 6 191.17 -146.01 194.37 -0.764 5 82.85 16.57 
13 261.93 20.15 
Pooled 15 314.97 -301.21 568.02 -0.956 14 279.96 20.00 
Difference between slopes 1 18.03 18.03 
Combined. 16 491.94 -625.30 1,161.53 -1. 271 15 366.71 24.45 
Between adjusted means 1 86.75 86.75 
Mean Squares, F = 22.38/16.57 = 1.35 df 8,5 (p > 0.05) 
Comparison of slopes, r = 18.03/20.DO = 0.90 df 1,13 ns (p > 0.05) 
Comparison of elevations, F = 86.75/20.00 = 4.34 df 1,14 
(p > 0.05) 

